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“BY 2050, ‘active skin will 
gllow computers to link to the 
nervous systems of players” 


The science of football, page 44 


Meet the team... 





Jackie Katy Duncan af 


Features Editor Deputy Editor Research Editor Senior Art Editor Assistant 

For my last issue of Dammit Jim! I’m a Following the science | just wanted to Designer 
How It Works, | physicist, not a of fear feature, the shout my mouth off From cat island in 

explored the gadget expert! Butas teamhasencouraged about the amazing Japan to pig beach in 
underwater world it’s Star Trek’s 50th me to take part in football tech that’s in the Bahamas, find 
of submarines. Now anniversary, I’ll make = exposure therapy to this issue. Also, try out what happens 
I’m off to finda an exception. Check cure my phobia of tackling the in-depth when animals take 
yellow one to live on. out some real-life writing magazine reasons behind our over. It’s great 

Bye! x Trek tech on page 52. welcome messages. strangest phobias. holiday inspiration! 


© Adidas 


FOLLOW US... @ How It Works magazine Q@HowltWorksmag 


nttps://vkK.com/readinglectu 





> _| The ocean covers more than 
70 per cent of the surface of our 
. planet, so it’s no wonder we're 
aly fascinated with what lies 
ba ‘\ beneath. Whether we're 

7 scouring the depths for 
treasure, studying strange marine creatures or 
using it as cover in warfare, human beings have 
strived to develop the apparatus to take us 
further, and deeper, than ever before. And 
nothing beats the submarine. 

This month, we explore these metal behemoths 
and find out how they support a crew for months 
at atime. Crammed into bunks stacked three 
high, working 18-hour schedules and never 
seeing daylight are just some of the reasons why 
submariners must complete rigorous 
psychological tests before plunging to the depths. 

If being in dark, tight spaces gives you the 
wiggins, flick to page 28 where Jackie will tell you 
why. During her research, we were sad to learn 
the fear that somewhere, somehow, a duck is 
watching you was actually made up - but if you 
suffer from a strange phobia, let us know! 





Jodie Tyley 
Editor 
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Animal invasions 
The places on Earth where 
critters have taken control 
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SpaceShiplwo 


Ella Carter 


Animal eggspert 


Tim 


. Jonny 
Williamson 


O’Callaghan 


mask and surgical 
gloves to get to the 
heart of isolation 
wards - the 
high-security hospitals that protect 
us from outbreaks. She also takes a 
peek inside SpaceShipTwo. 
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The Editor of History 
Of War tells us how 
to capture a 

‘ #&, medieval castle and 
listen for the enemy - with giant 
trumpets! He also dug up a great 
story about ancient burials. 





How It Works and All 
<-¥ About Space readers 
al may remember 

> Jonny’s cheeky face. 

These days you'll find him posting 


on IFL Science, but he found time to 
explain interstellar travel this issue! 








= Ella cracks the 
subject of bird 
eggs, and also 
reveals the 
surprising relationship between 
figs and wasps. Beware, there’s 
a Sting in the tale... 


As atech and 

, footy fanatic, there 

was no one better 

to explore the 
* of football. Ahead of Euro 
2016, learn about the 
game-changing tech involved. 


, ‘Stephen 
e Ashby 


vk.com/readinglecture “wren 








O6 Global eye 
Amazing science and tech stories 
from around the world 


84 Brain dump 


The place where we answer your 
most curious questions 


10 Book reviews 


Interstellar 76 


Check out the latest releases for 
inquisitive minds 


94 Howto... 






Isolating 

ly diseases 

4 Ancient 
lan burials 





Make a bouncy ball and crush a 
can with science 


Letters 
Our readers have their say on all 
things science and tech 


Fast facts 
Amazing trivia that will blow 
your mind 


ii aS 


ELH POWERING 


i meres: ) 0 
iss SSS CO me 


TH THE WAVES 











Bleaching 


the coral reef 


The Great Barrier Reef is suffering its worst 
coral bleaching event in recorded history 


Normally a kaleidoscope of vibrant colours, 

much of the coral found off Australia’s 

northeast coast is currently a ghostly 
shade of white. Abnormally warm ocean 
temperatures, a result of climate change and the 
current El Nino event, have led to 93 per cent of the 
reef experiencing coral bleaching. This is a process 
by which the coral expels the resident algae living 
within its tissue, which have become toxic in the 
unusually warm environment. These algae are the 
coral’s main source of food and without them, it 
becomes much more susceptible to disease. 

“This percentage of bleaching is unheard of and 
it’s an enormous concern,” says Jennifer Koss, 
director of the NOAA Coral Reef Conservation 
Program. “When you see a bleached reef it isn’t 
necessarily dead yet - the coral can survive fora 
while just by filter feeding. But if those high water 
temperatures last for much longer, then the coral 
can't re-recruit the algae and that means mass 
mortality for it.” 

Preventing such wide-scale bleaching events 
from occurring again means reducing emissions 
and limiting global warming. However, in the 
meantime, researchers are looking at ways of 
restoring and protecting the world’s reefs from 

| current stresses. Koss explains: “We're looking at 
restoring reefs through coral farming, growing 
corals quickly to be able to plant them on a reef. 

| Researchers are also looking at breeding 
‘supercorals’, by figuring out which corals are the 
most resistant to climate change and selectively 
breeding them.” 

The recent unexpected discovery of an enormous 
coral reef at the mouth of the Amazon River could 
also prove useful for conservation efforts, as these 
hardy South American corals may hold the secret to 
surviving harsh environments. “It is tremendously 
exciting and I think it caught everybody off guard,” 
says Koss. “There shouldn't be a coral reef there. The 
amount of sediment that comes out of the Amazon is 
overwhelming and the fact that there are corals that 
have adapted to live in this environment is huge 
news. There is a lot of research that needs to be done 
to look at what adaptations have allowed them to 
succeed in those waters”. 
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Police in the 
Netherlands have 
trialled using eagles to 
capture drones 















Learn more 


Find out how you can 
create your very own 
UAV without breaking 
drone regulations in Alex 
Elliott’s book, Build Your 
Own Drone, part of the 
Haynes Manual series. 
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NEWS BY 
NUMBERS 


The year SpaceX plans to 
launch its Red Dragon 
spacecraft to Mars 


The time it took astronaut Tim 
Peake to run a marathon in space 


The size of a giant python 
found in Malaysia - the 
longest snake ever caught 


~Record-breaking engine power 


The world’s biggest commercial jet engine has been fired up 


, 


by thelUS Ainrorce’s the air. The front fan is over three metres wide foralarger currently undergoing testing on the ground, and is 
magnetic levitation vehicle air intake, and the internal components can cope with expected to enter service in 2020. 





The world speed record set 


The Chicxulub crater is 
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Drilling the F/ | coast of Mexico 
dinosau » | Biff 
crater ~“—=- 
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dino-killing asteroidimpact _ 
















Sixty-six million years ago, a 
ten-kilometre-wide asteroid 
smashed into Earth, just off 
the coast of Mexico, obliterating 
almost everything on the planet, 
including the dinosaurs. Now, 
researchers are hoping to learn more 
about this devastating impact by 
drilling into the rocks of the 
180-kilometre-wide crater it left 
behind. They are particularly 
interested in studying the ‘peak ring’ 
—acircle of mountains formed when 
the rocks on Earth’s surface were 
pushed inwards by the asteroid, then 
rebounded and collapsed again. 



















Developed for the equally massive Boeing777X temperatures up to1,315 degrees Celsius. As well as being 
aircraft, the GE9X engine can generate over big and powerful, it is also fuel-efficient and sports the 
45,000 kilograms of thrust to get passengers in quietest engine ever produced by General Electric. It is 







"es 


= i, 


: Le \ 
ba’ . Jz / 
Chama = al is ; 
i ca ae - aa! i , a5 3 AF 
, ae 
= * 


- _—~ a, .ooe 
ao wae oe a 


The inflatable module is composed of an aluminium 
structure, layers of fabric and an internal bladder system 


Inflatable space 
homes 


The International Space Station gets 


an airy extension 
, The Bigelow Expandable Activity 









dl 


A 








Module (BEAM) is now firmly attached 

wa tothe ISS and has become the first new 
addition to the orbiting space lab in five years. 
Secured to the station’s Tranquility Node, the 
module was successfully inflated on the second 
attempt, and made sounds like popping popcorn 
as it expanded. ISS astronauts will monitor 
BEAM’s performance over a two-year test period, 
assessing whether such structures could be used 
for future deep-space missions to Mars. 
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Adrenaline 
junkies are born 
to take risks 


A new study conducted by a team of US 
scientists has found a link between brain 
structure and thrill seeking. After 
examining 1,200 young adults, they 
found that those who were more likely to 
act impulsively and take risks had a 
thinner cortex (the wrinkly outer layer of 
the brain) around the regions involved in 

_ decision-making and self-control. 


Silicate mantle 
narele(=Mey i 
magnesium 
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Planet Nine is not very bright 


Astrophysicists at the University of Bern in Switzerland have used 
computer simulations to work out what the newly suggested Planet Nine 
might be like. They predict that it is a smaller version of ice giants Uranus 
and Neptune = although still ten times more massive than Earth - and has a 
temperature of -226 degrees Celsius. They also believe that it reflects very 
little sunlight, explaining why telescopes have failed to detect it so far. 
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gas surround 
the planet 


The atmosphere 
Is just -226 
degrees Celsius 





People with 
more friends 
have a higher | 
pain tolerance s 


Endorphins (chemicals in the 
brain that give us feelings of 
pleasure and act as ourbody’s = 
natural painkillers) are triggered = 
by social interactions with Og 
friends. Researchers at Oxford 
University conducted a study to 
test this theory and found that 
people with larger social 
networks did have a higher 
tolerance to pain, stronger than 
the effects of morphine. 








Microsoft Is 
turning DNA into 
data storage 


DNA stores information that defines who 
we are, and now Microsoft wants to use 
it to store digital data too. The company 
has purchased ten million strands of DNA 
on which it will encode data in order to 
investigate its viability as a long-term, 
secure storage system. 


Nuclear war ts the biggest 
threat to the human race 


The University of Oxford’s Global Priorities Project has 
compiled a report listing the most dangerous threats that 
could happen over the next five years and would result in the 
deaths of ten per cent of the human race. The most likely risks 
aves U(e {eM al Uloi(2y-] @VV/-]er-| ae ole) daWar-] a0) ¢-]-laleRe(e!||ol-lec1n=hV7 
engineered pandemics, while climate change, the failure of 
geo-engineering and a takeover by artificial intelligence are 
deemed slightly less likely. 





NASA has 
dropped its 
Mars spacecraft 


Sydney Opera House 


Statue of Libert 





When landing in the Pacific Ocean after a 
deep-space mission, NASA has 
conducted a series of drop tests of the 
Orion crew capsule, with crash-test 
dummies inside. 
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A human will join 
this year’s great 
swan migration 


Every autumn, thousands of Bewick’s 
swans journey from the Russian Arctic to 
the UK in search of a warmer climate, but 
their numbers have halved in the last 20 
years. To find out why, conservationist 
Sacha Dench will fly alongside them using 
a paramotor, a propeller-powered 
paraglider, and land with them each night 
to observe their habits and the hazards 
they face. The journey takes ten weeks to 
cover more than 7,000 kilometres. 


The freediving world record 


has been broken 


New Zealander William Trubridge has broken his own world record, 
diving to 124 metres and resurfacing again on one breath. The dive took 
place at Dean’s Blue Hole in the Bahamas, and Trubridge spent four 
minutes and 34 seconds underwater. He was already the world record 
holder, having completed a 122-metre dive a few days earlier. 
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We'll study the universe 
with a giant gold mirror 


Hubble’s successor, the James Webb Space Telescope, 
will be launched in 2018, and its most important 
component has now been unveiled. The primary mirror 
will be able to collect light from the first stars to shine in 
the universe, and until now has been kept covered to 
protect its shiny gold surface from dust and scratches. 


Record dive _ Eiffel Tower 












TrToPaTTLEsiitiieia it 


How It Works | O11 





© Tesla Press image ; Thinkstock ; NASA 









'22\¢- ae 
STROY _ 


1 





., 


~ 












In 1960, the USS Triton completed the first submerged circumnavigation of the globe in 60 days 





The unmanned Boeing 
Echo Voyager 
boats can stay underwater for weeks at a time, 
using nuclear fission to release energy in the 
form of heat, which in turn generates steam to 
drive a turbine and spin the propellers. 

Now crucial tools for navies large and small, 
submarines transport crews all over the world; 
sneaking up on enemy ships, launching 
missiles, and gathering information while 
remaining hidden in dark, murky waters. They 
can generally be divided into two categories: 
attack submarines, which are designed to seek 
and destroy enemy ships, and ballistic missile 
submarines, which attack land-based targets. 
The US Navy currently has 72 submarines in 
active service, 54 of which are attack vessels. 

It’s not just the military that uses these clever 
underwater crafts, though. With scientists 
knowing more about outer space than they do 
about the world’s oceans, submarines are 
incredibly useful for studying marine 
environments, at depths too great for human 
divers to reach alone. 

In recent years, new unmanned underwater 
vehicles (UUVs) have begun appearing in the 
water, capable of conducting dangerous 
missions, while human crews remain safely on 
the shore or a nearby ship. These vehicles are 
small with a limited range, but in the future they 
could replace the submarines we know today. 





‘The US Navy currently 
has 72 submarines in 
active service” 


HMS Astute firing 
a cruise missile 

















Submarines: in depth 


Major milestones in the development of underwater vessels 





Drebbel | Max depth: 


4.5 metres 


The first submarine was 
TaNvceyauecie mo)’ DJUl Kola mare ll alciclg 
Cornelius Drebbel. It was an 
reYa lod (oys=re mNZolele(=lam celui iale 
boat covered with watertight 
greased leather, and had air 
110] ol-som 0) co)nauleliale muon ants 
surface to supply oxygen. 
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Max depth: 
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attack was during the é 
American War of 


Independence by the Turtle. It 
was used in an attempt to 
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the pilot was unable to attach 
the bomb to the ship’s hull. 


Max depth: 
7.5 metres 
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Max depth: 
10 metres 
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Max depth: 
23 metres 
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USS Holland 4 

Irish engineer John Philip 4 aa gee 1954 | 

Holland was the first to use _— oe coma sa 

. ie Max depth: —_— 
213 metres 


Nautilus 
yANanvslaerslamlandcialnelanace)el=lau 
Fulton’s submarine was 

(ola NVcelal ©)Yar- Mate) ale pxeig-] al cave. 
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propulsion. The sub was 
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to use against the British. 
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Powered by engines running 
on compressed air, the 
French Navy’s Plongeur was 
the first submarine to not rely 
oyna ale) aat-lam eae) ele] (-y(elamm im al-le [re 
ie lanire ale mke)a e\-e(omm olUim=)alellar= 
problems meant the boat 
never passed the trial stage. 













electric motors and an _— a, 
Talesyaat-]mexe)an) oUiiuloyamevarel|arsmre - i 7 
power an underwater vessel. P= = 
His creation was purchased 
by the US Navy and 
Talalerslavexs\eMaal-la\vae(=sJ(e] aioe 


4 
7 


USS Nautilus 

The first nuclear-powered submarine combined stealth and speed 
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in reated on Crewmembers of the USS Augusta (now 
halrobohtieba . decommissioned) moor theirsubtothe pier 1 




















DSRVs were developed as a result of the USS Thresher submarine accident in 1963, when the crew was killed 
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New recruits extaatiatel the ropes at 
the US Navy’s Basic Enlisted 
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SUPERSONIC 


SUBS 


This underwater craft 
could circumnavigate the 
globe in just halfa day 


Moving at speed through water is very difficult, 
as liquid creates more drag than air. This means 
that you need a lot of energy to push through 
water at high speeds, and most modern 
submarines are only powerful enough to travel 
at around 75 kilometres per hour. However, 
researchers at the Harbin Institute of Technology 
in China are developing technology that could 
allow submarines to travel at the speed of sound, 
so around 5,400 kilometres per hour in seawater. 

Their method is based on supercavitation, 
which was first developed by the Soviets in the 
1960s to create high-speed torpedoes during the 
Cold War. It works by creating a supercavity of air 
around the vessel, reducing drag and allowing it 
to reach much faster speeds. The Soviets 
successfully achieved this with their Shkval 
torpedo, which could reach speeds up to 370 
kilometres per hour, but it could only travel fora 
few kilometres, and couldn't be steered. 

Steering is a problem because rudders, the 
typical method of navigation underwater, 
require water to create drag, and so will not 
work ina bubble of air. To overcome this, the 
Chinese scientists have created a liquid 
membrane that can be sprayed over the 
submarine, reducing drag on one side so that it 
can be steered in the other direction. So far, 
however, a method of underwater propulsion for 
long-range supersonic travel has yet to be 
developed, so their dreams of travelling from 
Shanghai to San Francisco in100 minutes are 
still a long way off. 








The cavitator of the | 


Shkval torpedo 
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Speeding through the water 


How would a supersonic submarine 
reach the speed of sound? 


Drag 

Friction between the water and 

submarine resists its motion through 
the water, creating drag. 








Ordinary 
submarine 


ir 


Thrust 
The submarine’s propellers 
generate thrust, which pushes the 
submarine through the water. 


Speed limit 
To reach high velocity, lots of energy is 
needed to generate an amount of 
thrust much greater than the drag. 





Less drag 
As air is much thinner and 


Steering 
Various amounts of the 
liquid membrane can be 

applied to each side of the 
submarine, enabling its 
direction to be controlled. 


Supercavitating 
submarine 








less viscous than water, 
there is less drag to slow 
the submarine down. 


Rocket motor 

Rocket motors help the 
submarine to accelerate to 
the high speeds needed to 
maintain the air bubble. Cavitator 
Once the submarine is travelling fast 
enough, the cavitator ejects gas from 
the nose with enough force to create a 
bubble around the vessel. 


Liquid membrane 
When first launched, a special liquid is 
sprayed over the submarine to reduce 
drag and get the vessel up to speed. 


Inside the USS Bowfin torpedo room. This 
sub has since been decommissioned 
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Russia's Typhoon class submarines are 175m long and weigh 48,a00 tons, making them the largest in the world 


SUBMARINE DRONES 


The autonomous underwater vehicles that render crews unnecessary 





Keeping crews safeandaliveatseaisariskyand | USNavy currently uses the Woods Hole drones can survey and monitor places that are 
costly business, so it’s no wonder that the Oceanographic Institution’s (WHOI) Remote incredibly difficult for humans to reach, and 
world’s navies are already developing Environmental Monitoring UnitS (REMUS) gather information about marine wildlife in 
unmanned underwater vehicles (UUVs)todothe vehicles for this very purpose, as each one is their natural environment. For example, WHOI's 
dangerous work for them. One particular area capable of doing the work of 12 human divers. SharkCam drone has enabled scientists to 
where these underwater drones are useful is It’s not just the military that these UUVs can observe the underwater hunting behaviour of 
mine hunting, as they can search for and even help, as the ability to fit them with a variety of great white sharks for the first time, showing 
destroy underwater explosives while keeping cameras and sensors also makes them usefulfor that they use the darkness at great depths to 


the crews of nearby ships out ofharm’sway.The = conducting scientific research. Underwater avoid detection before ambushing their prey. 
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The A26 submarine will be “ 
62 metres long and weigh 
around 1,800 tons 















| Silent operation 

Rubber mountings minimise noise 
xt-generation, air-in from the engines and other 
(laleelalene| operating machines, as well as help 
to absorb shocks from impacts. 


The Super Falcon Mark II is 
the underwater equivalent 
of an airplane, able to fly 
through the ocean 
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The longest submarine mission lasted 1 months, and the crew spent 4,700 hours underwater 
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si al-WAWAcmatcicw-M nated dlnnlele 
speed of 22 kilometres 

per hour, and can stay at 
i sea for 45 days at a time 













Reconnaissance 
Sophisticated sensors allow for improved 
Talk=)|ie[=\arexsmer-1ual=) al arom al(ol am iomere)| (-\oancve! 
and analysed using the onboard combat 

management system. 










\iFeXelalsid(ome(=)xcveru (ela 
Y=) aisie) go exe) p1U Ke) Male m=) (2\e1lg(omelllaaclals 
1aCo\yviiaremaalgelele|amual-male||pmor-larer=)iliaremelels 
lace ike) aa (e)alcMRO Maal om at-]auabcmaatele|aciile 
field that can reveal the boat’s location. 













Modular design 
ANms\=toau(e)at-]malel|maatstclaicmuatels 
the submarine can be 
easily customised and 
Uyele|g-le(=\o Mm aat-ldlalemimmanle) as 
cost-effective in the 
Keyavemikslaaak 
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Multi-mission 
The sub can be easily 
customised for different 
missions. For example, the 
Weapons } bow can be used to launch and 
ibe ance tubes ae retrieve either divers or UUVs. 
andle various types o 
Shock resistant armaments, and are flooded 
The submarine is constructed by gravity to eliminate the 
from special steels to ensure use of noisy pumps. 
that it can withstand 
significant shocks from any 
underwater explosions. 










Unique shape 

The hull design helps to 
reduce noise caused by 
the movement of water | 
around the submarine. 


© WIKI; Illustration by Alex Pang 
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withstand temperatures 
down to -2°C 
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Beach- 
cleaning 
machines 


The best way to sort the 
litter from the sand 





obody wants to relax or play ona polluted 
beach, so resorts and beach owners use 
beach-cleaning machines to keep them 
pristine. They’re usually towed by tractors or quad 
bikes, although private beach owners often use 
smaller models that are pushed along. 

Inside the machine is a mouldboard, which levels 
the sand to create an even surface to work on. Then, 
rows and rows of stainless-steel teeth rake the beach 
every second, scooping up refuse as smallasa 
cigarette butt. The teeth travel around a conveyor-belt 


Raking it In 





Beach-cleaning machines move at high speed to pick 


up waste and pollution, leaving only sand behind 


Mouldboard 
This smooths the sand 
ahead of the machine 
for even cleaning, and 
Scoops up partially 
submerged rubbish. 


Conveyor belt 
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The conveyor belt inside the 
beach cleaner carries debris 
through the machine, while sand 
sifts through to the bottom. 


This raking beach cleaner quickly 
clears the sand of any rubbish 





system and deposit the debris in a bucket - or hopper 
—for emptying later. Meanwhile, any residual sand 
escapes through the perforations in the conveyor, so it 
can fall back onto the beach. 

Another type of beach cleaner, the sifter, works best 
for cleansing fine, dry sand of materials such as tar and 
oil. It passes everything through aseries of filters, 
dropping the clean sand back onto the beach, ready for 
sunbathing and building sandcastles. 


Hopper 

The hopper stores all 
of the collected waste. 
Once full, it lifts up to 
empty out into a skip. 




















Tines 
The rake’s hundreds of steel tines 
are offset to scoop every bit of 
debris into the machine. 





Trash 


Large raking beach cleaners can 
pick up everything, from the tiniest 
shard of glass to a big beverage can. 


|M=¥o\Victome) am ualom liars can 
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make you late 
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Council for 
British Archaeology 











pNaalete [= RAM Historic England 


late =mey 
events & 
activities to 
Inspire all 
ages. 


Coordinated by the Council for British Archaeology - a charity working to protect and promote archaeology, to enrich people’s lives now and in the future. 
To find out more about our work please visit www.archaeologyuk.org 


COLLECTION... 


Maximise 
CD Life and keep 
5 times more in 
the same space! 
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Burgundy Leather CD/DVD 
Organiser Ref: K-469 
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——_ GO TO OUR WEBSITE FOR ALL YOUR COLLECTABLE ARCHIVAL STORAGE REQUIREMENTS 


Pack of CD Index Sheets | 
and Dividers.°5-70 


Flash Foto Ltd T/A Arrowfile, 147 Churchill House, Stirling Way, WD6 2HP Reg No. 1561035 


aed §=Fomily History, Postcards, Stamps, Coins & Medals, Display Presentation Cases & Cabinets, Photo Slip-in & 


Traditional Albums, Oversized & Scrapbooking Binders, Portfolios, Photographic & CD/DVD Accecssories... 

















SHOP ONLINE - WWW.ARROW .COM | ORDER HOTLINE - 0844 855 2060 ““caehnwovie 













The Airbus A380 is greener 
and quieter than many 
other passenger jets 


Thrust reversers 
|Motor-)u=tome)amanrcWialatsiagatescie 
engines, these slow down the 
aircraft to assist the brakes 
MiVzalevamtclaveliaveme)amr- M2] mae lal iehVA 


Boarding the A380 


The incredible technology 
inside this sky giant 
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The world’s 
largest passenger } 
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Lightweight materials 


The majority of the wings and fuselage 


per cent of the structural sacciatnvet is 
composite materials. 


Or] e)iamecelanlce) as 

220 cabin windows provide 

re) (sla Ave)marclaelec]mice]aimelacemants 
cabin air is recycled every two 
minutes for a fresh atmosphere. 


Crew bunks 

OFa (ovale Malle |alacmmual=m ell (elacw-] ale! 
crew can get some rest in 7 
bunks located below the lower 
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How does the enormous double-decker Airbus A380 get off the ground? 


errying travellers all over the globe is an 

expensive business for the world’s airlines, 

so it makes sense that they would want to 
pack as many passengers as possible onto each 
aircraft, reducing the number of flights they need 
to make. Thanks to its double-decker design, the 
Airbus A380 is capable of carrying up to 853 
passengers at atime, ifitisinasingle-class cabin 
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configuration. That’s over 150 more than the 
aircraft's competitor, the Boeing 747-8. Most 
A380s, however, feature four separate classes, 
with economy and premium economy on the 
lower deck of the airplane and the more spacious 
business and first class upstairs, which reduces 
the passenger number to 544. This is stilla 40 per 
cent increase on the 747-8’s four-class capacity. 


As wellas being the largest passenger jet, the 
A380 is one of the quietest, with dampeners 
reducing engine noise to half that of other jets. It 
is also more environmentally friendly, because it 
needs to take fewer flights to deliver the same 
amount of passengers, and the fuel-efficient 
engines are claimed to give off 22 per cent fewer 
CO, emissions than the jet’s closest competitor. 
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The Airbus A380 Is covered in three layers of paint weighing around soo kilograms 
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Upper deck 


Business and first class 






at, 


~ Two staircases provide access to the 
have room for full-flat beds, a, ‘ aircraft’s upper and lower decks 
as well as bars and lounge SEE! chee BTarellare gear 
areas for socialising. | Pa | ag Two sets of landing wheels help 
am > RAL} to spread the weight of the 
relalo)ganieleisw-]]qe1g-]Ame)amual-Melcelelalen 
putting less stress on the runway. 


Mo) ',(=) ame (=101 4 = << <—— 
The economy seats are a ——— — 
roomy 45 centimetres wide, Ss . Powerful braking 
= Wide menle)c-Mal-t-(e] cere) gale] ale Pistons inside each wheel 
= personal overhead storage. apply powerful pressure to 
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Efficient engines 

The four-jet engines are designed 
to be incredibly fuel-efficient, 
burning 22 per cent less fuel per 
seat than the nearest competitor. 





Building an aircraft ofthis enormoussizedoes gangways from theaircraftto the terminal 


present a few problems, though. Many airlines building are needed — a set-up that only certain 
have had to modify their aircraft hangers to airports are capable of. 

accommodate the increased height and As aresult, the A380 can usually be found 
wingspan of the A380, and some airports just travelling to and from the world’s biggest 


don’t have enough space forthemtopark.Also,to international airports, making the most ofits 
speed up the process of boarding and offloading 15,200-kilometre range to deliver passengers to 
such a large number of passengers, two far-flung destinations in style. 
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‘An Underground °* 
driver Ws ,_— 
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Do you have what it takes to | SS. (Bece a 
drive London’s tube trains? _ L 


ravelling up and down London 

Underground lines might look pretty 

straightforward, but the job ofatube 
driver is very mentally demanding. Although the 
trains are mostly automated, drivers must still 
remain fully alert throughout their shift, which 
can last between five and eight hours. It’s their 
responsibility to ensure passengers get on and off 
safely at each stop, and deal with any faults or = 2 SEEN 
emergencies that may arise. Before they climb en | NANA \x 
into a cab, every driver must pass tests of their a ' r T a aN mS 
reaction speeds and problem-solving skills, and i | Las 
learn the manyrules, regulationsand procedures | @ i: : 
of the Underground. 


BE PREPARED 
3:15am 


Before leaving the house for work, 

drivers must ensure they have 

comfortable footwear and high- 
visibility clothing in case they need to walk on 
the tracks, a radio for communicating with the 
control room, and a lamp in case they get stuck 


E 7. -_ \" 
s 


in the dark tunnels. They may also pack food .s ; * | » a / 
and water, as there’s always a chance they TUBS driver g A oe i \ 
could get stuck on the line. han vigilant.at yf 
all times, looking * "Mil. us| 
BOOK ON out’for any hazards - . 4 \ 


4:45am 
When they arrive at the train depot, the 
driver must sign in to confirm that they 
are fit to work, and get approval froma 
manager too. They then check the notices in 
order to see if there are any faults or disruptions mB EE 
on the line, and look up exactly where their yd 
train is in the depot. 


PUSH TO START 
5:08am 


Once on the train, the driver completes 

aseries of system checks to ensure it is 

working properly, then pushes a lever 
to get it moving. The further forward they push 
the lever, the faster the train goes. Speed limits 
range from 16 to 80 kilometres per hour along 


oe AV, P | “i 
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In automatic mode, 
the driver simply 
pushes buttons to 
start and stop 
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DAY IN THE 
LIFE OF 


the lines, and they must hit certain speed 
targets to adhere to the train timetable. 


GO AUTOMATIC 
5:I7am 


: The tube trains also feature an 
; automatic mode, which simply requires 
| the driver to push a single button to 
start the train. Wires in the track, which come 
from the central control room, send information 
to the train about how fast it should go and 
when it should stop, so it can keep to the 
timetable by itself. 


AT THE STATION 
5:27am 


Once the train has come to astop,a 

signal in the cab tells the driver it is 

safe to open the doors. A countdown 
then starts on their display, showing them how 
long they have before they need to get moving 
again. They closely monitor CCTV footage of the 
platform, and once they can see that everyone 
is safely on board, they close the doors. 


READING THE SIGNALS 
5:30am 


If the train up ahead is running late, 
©) then a red signal will show on the cab 
| * display, informing the driver that it is 
not safe to proceed. Once the track is clear, they 
can push the button to go again. In places 
where the track divides, they must know which 
route to take and constantly be on the lookout 
for any hazards. 


IN CASE OF EMERGENCY 


fam 

Drivers are able to fix most train faults 

themselves, but ifa serious fault 

occurs, they will proceed to the next 
station so the passengers can evacuate. Ifthe 
train gets stuck in a tunnel, the driver can rub 
together the wires running along the tunnel 
wall, which causes the electrical current 
flowing through the track to short circuit and 
turn off, enabling the passengers to safely walk 
to the next station. 


HANDING OVER 
8am 


) Tube drivers cannot drive for more 
than four hours and 15 minutes without 

a break. Before leaving the train, they 
shut it down and inform the next driver of any 
faults that have arisen during their shift. Ifit’s 
the end of the day, the driver must check that all 
of the passengers have vacated, and drive the 
train back to the depot. 
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Refilling 
service 





stations This tanker carries multiple 


Under the forecourt lie vast chambers 


types of petrol to refuel a 
busy petrol station 


filled with fuel. Here’s how it gets there 


hen your vehicle runs out of fuel, you After removing the covers, the driver uses a 

fillup the tankataservicestation.But metal polecalleda dipstick to check fuel levels in 

what do the stations do when they're each unit. Then he attaches two hoses: one to vent 
running on empty? Itall begins atthe oilrefinery, fuel vapourand one to dispense fuel from the 
where petrol and diesel are produced. These truck to the unit, and monitors the valves and 
products travel along pipes to terminals, where gauges on the tank until the units are full. After 
fuel tanker trucks load up and distribute it to disconnecting the hoses, he uses the dipstick 
service stations all over the country. again to check levels before replacing the covers. 

To refill a service station, the truck driver USTs are equipped with systems that 

removes the manhole cover that conceals the vast automatically monitor the volume of fuel they 
underground storage units (USTs) where these contain. Changes in temperature can alter the 
flammable, dangerous liquids are kept. Astation amount, andsome petrol is lost through the 
might have as many as five USTs - holding up to release of vapours as we pump it into our cars. 
75,000 litres each - and these are joined to the Station operators combine this data with sales 
inlet pipe to which tankers connect. projections to work out when it’s time for a refill. 


Underground storage tanks 


Petrol is refilled by tankers through one pipe While the units are refilled, 

and pumped into cars through another Tanker petrol vapour is vented 
Tankers refill into the tank to avoid its 
underground release into the air. 
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Vent and inlet pipe 


storage units by 
running a hose 
from the tank to 
the inlet pipe. 





Pump 
Another pipe feeds 
petrol to the pump. 


















Lip 
A lip inside the manhole 
keeps water from getting 
into the petrol tank. 
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Annual 


From the science behind love, to the latest technology trends, 
the How It Works Annual is a collection of the best content from 
the last year including over 1,000 facts about everything from 
ice skating to the life of a dinosaur. 
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Whether you love gaming, history, 
animals, photography, Photoshop, 
4, sciforanything in between, every 
a magazine and bookazine from 

’ a agine Publishing is packed with 
“expert advice and fascinating facts. 
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Studies show that we Identify images of snakes and spiders more quickly than non-threatening pictures 


ome alone at night, you hear a loud 
crash. In an instant your heart starts 
racing, your muscles tense and your 
breath quickens. You are immediately alert, 
primed to fight or flee the source of the sound, 
which turns out to bea pile of books falling off 
that shelf you've been meaning to fix. But in that 
moment, your brain and body reacted as if you 
were in mortal danger. 

Fear is one of our strongest and most primal 
emotions. It’s a big bad world out there, and 
being afraid of certain things protects us from 
potential danger to make sure we survive. Some 
evolutionary fears are hard-wired into our 
brains, but we can also develop new fears 
throughout our lives. As children we pick up on 
what makes our parents anxious, and we may 
also learn to fear certain things after negative 





Viv (trol gm aalelacm-ligel(eme)miarels 
a}celsxomlamaatsmer-ld @me-laalslandareln 
the darkness itself 
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experiences. Despite this, most of us are able to 
ignore our fears when it’s clear we aren't in any 
immediate danger. We can enjoy the view from 
the top ofa skyscraper rather than worry about 
falling, or turn out the lights safe in the 
knowledge that a predator won't devour us in 
the night. 

However, people with phobias have an 
excessive fear response that causes both 
physical and psychological distress. These 
extreme fears are divided into three different 
groups: agoraphobia, social phobia and specific 
phobias. Agoraphobia is generally referred to as 
the fear of open spaces, but it applies to the 
dread of any situation that is difficult- to escape 
from, or where help would not be available if 
something went wrong. Social phobia is the 
intense fear of interacting with people or 


The fear of heights helps 
Uicw-hYie) (eM re] | Komnarelmerele] le 
injure or kill us ®& 
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performing, while specific phobias are the fear 
ofa particular situation, activity or thing. 

These irrational fears can cause major 
disruptions to everyday life; somebody with 
acrophobia - an extreme fear of heights - may 
experience a panic attack simply trying to walk 
across a bridge. Depending on the trigger of their 
phobia, sufferers often go to great lengths to 
avoid situations that could affect them. 

The cause of phobias is not always clear, but 
many cases are linked to experiencing or 
witnessing a traumatic event. For example, 
somebody may develop cynophobia - the fear of 
dogs - after being bitten. But whether the trigger 
is rational or irrational, as soon as the brain 
registers ascary stimulus, it activates the 
fight-or-flight response, thus preparing the body 
for action. 


FAV idavole le] am aaleysimmjal-].<ow-lalemc)e)(e(cl¢ 
species aren’t poisonous to us, we 
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Fight or flight 


How your brain and body trigger this 
evolutionary survival instinct 


Under normal circumstances, sensory information 
from your body is sent to the thalamus in the brain. 
The thalamus relays these signals to the cortex and 
the hippocampus for further processing, to 
provide a better understanding of what you're 
experiencing and put it into context. This analysis 
is forwarded to the amygdala, which triggers an 
appropriate emotional reaction to the situation. 

When your brain receives signals that indicate 
some kind of danger, the course of action is slightly 
different. The process above still occurs, but this 
higher-level analysis takes precious time. The 
fraction ofa second it takes to fully understand 
what's happening might be the difference 
between life and death. To make sure your body is 
instantly prepared to face a threat, the thalamus 
also sends the raw sensory information via a 
shortcut, directly to the amygdala. 


Fear on the bral 


What happens when the brain 
goes into survival mode? 


Thalamus 

The thalamus is the first 
port of call for most 
sensory signals from the 
body. It relays this 
information to the 
relevant areas of the 
brain, like a switchboard. 


Hypothalamus ° 
The hypothalamus’s primary 
role is to maintain 
homeostasis - keeping the 
body in a stable condition. It 
also regulates the secretion 
of hormones and initiates 
the fight-or-flight response. 


Amygdala 

The amygdala processes our 
emotional reactions and plays 
a role in decision-making and 
the formation of memories. It 
moderates our responses to 
events that affect our survival. 











Assoonas the amygdala is alerted, it signals 
the hypothalamus. This part of the brain activates 
systems that release a cocktail of around 30 
different hormones into the bloodstream. One 
hormone in particular, adrenaline, causes a 
variety of physiological reactions all around the 
body. For example, in the lungs it makes smooth 
muscle cells relax, expanding the air passages so 
more oxygen can reach the blood. It also stimulates 
cardiac cells so the heart beats faster, and makes 
muscles in the eyes contract to dilate the pupils. 
The physical changes produced by this sudden 
flood of hormones make up what is known as the 
fight-or-flight response. This instinctive reaction 
gets you ready to either take a stand and defend 
yourself, or escape to safety. 

Not many ofus experience life-threatening 
situations day-to-day, so more often than not our 
















A fear of flying is relatively 
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the evolutionary fear of heights 
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fight-or-flight response is triggered by a false 
alarm. The moment of panic you feel after hearing 
aloud bang, for example, is because neural signals 
from the shortcut reach the amygdala first. The 
fight-or-flight response automatically kicks in 
before the brain evaluates the situation, justin 
case. Once the amygdala receives more 
information and concludes you aren't in danger, it 
signals the thalamus to stop the fight-or-flight 
reaction, returning your body to normal. 

The human brain is hard-wired to prepare for 
the worst; it may seem silly to treat every loud 
noise as a danger, but ifthe threat turns out to be 
real, this overreaction could save your life. 


Sensory cortex 

Specific regions of the brain analyse the 
sensory information from each of our 
different senses. They process the 
signals passed on from the thalamus to 
give them meaning. 





Hippocampus 

The hippocampus plays an 
important role in long-term memory 
formation. It compares incoming 
sensory information to past events 
to help establish a context for the 
situation you face. 


* Stimulus *) Act first =) Analysis J Fight or flight? | Judgement 

= Whena potential threat dem The first pathway es) Thesameinformation ‘|The hypothalamus es Once the situation has 
is detected, the thalamus immediately assumes is sent along the more activates both the been analysed by the 
sends signals to the there’s dangerevenifthere  investigativeroute.Signals sympatheticnervous longer pathway, the 
amygdala viatwo different isnone-asaferoptionthan fromthethalamusaresent system and the adrenal- hippocampus sends 


pathways. Onerouteisfast vice versa. It goes directly to the sensory cortex, cortical system to trigger signals to the amygdala to 
and direct, while the to the amygdala, which whichinterpretsthedata, — thefight-or-flightreaction. either seize the fight-or- 
slower path analyses the sends signals to the followed by the The impulses and flight response if there is no 
situation anddecideswhat hypothalamus to initiate hippocampus, to analyse hormones produced danger, or to maintain it if 


should happen next. 
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the fight-or-flight response. 


the context of the situation. 


prepare the body for action. 


there is. 
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DID YOU KNOW? The ‘Wilhelm scream’ sound effect has been used in over 200 films, from Star Wars to Toy Story 






Anatomy of fear 


The extreme reactions that occur when 
Vole am kore NVA cmoleimelaMal(elam-l(ciat 


Respiration increases 
Faster breathing sends more 
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ix=Va(=>,@l ©) 40) 8Y-] 0) \Vmal=)|elave| 
(olU] am ave] i a(2) ar-] alexst<1K0) ecm (ele) 
e)telelclar-] ale ms\or-l aise 
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s}Colele maul at-mere) (a! 
The vessels in your skin 
(ore) ahsi a oim com al=)) eMe/\V(-) am pale) a= 
|e) (eXore a KoMYZ0)0 ma nleicver(=\e-] are! 
reduce blood loss from 
potential injury. This makes 
you feel cold. 


lateldiale mag ees (as 
More blood is pumped to 
the muscles so you can 
defend yourself or make 
a quick getaway. This can 
make your limbs feel 
tense and twitchy. 






Wide-eyed 
aM at=mol0)e)|cmelltcluomuon (21mm la) 
more light, so you can take 

Tamantela=Ke)m'celel mil acel0laleliatels 
late M(e(slaiuimvmdalsmualact-1m 


























‘Why do we scream? 


Screaming is an innate reflex; it’s usually the 

li lasimmdaliaremiceleme(omiatslam\cele Mao ole) dammavivarelele| a 
we might also scream from excitement or 
pleasure, it is most often a cry of distress. 
Researchers from New York University 
conducted an experiment using brain scans to 
see how our minds react to screams. When we 
listen to normal speech, what we hear is sent to 
1d al=Wr=] 0 (6/10) mya exe) a k=) a (e) al ©) coler=s3-) /ale BOM Mere] 9 
make sense of the sounds. 
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However, the study showed that when we 
hear a scream, the signals are sent straight to 
the amygdala to activate the brain’s fear 
response. The team also found that ‘rougher’ 
screams - those that change volume more 
quickly - were the most distressing. The results 
show that screams are a very effective method 
(oy mexo)anlanlelalcorcid(e)amiamalelant-latceam Mals\vm@ are) meal hy 
lav=}| omexe) a) Vy /ae l=] ale (=) em ole) mr-] (YOM ale) | OM pate]. (omua (essa) 
who hear them more alert. 


3} (olele Mi Le\uVM sme l\Vclancte| 
away from non-essential 


digestion. This causes the 
_ nervous ‘butterflies in 
\ a stomach’ feeling. 


Hormones 

The activated sympathetic 
nervous system and adrenal- 
cortical system release dozens of 
involanatelal=soMiaicem alm o)(olelelciuazt-laamne) 
cause changes in the body. 


Heart rate increases 
aM at=mave)dante)arstow-lelaelal-liiarcmel are. 
noradrenaline are released to 
increase your heart rate, 

12) ale] alem ante) gem e)(elelemnomielels 
muscles and brain. 


Cold sweat 
b (ol Um oxoye \Var-]al(el| ey- Kets 
Tanlant=ielf-]k=m-loaule)ammcte) 
you pre-emptively 
start to sweat in 

fo) ge(=1 an Koll .(=1=) ok oxele) Bi 





Butterflies Energy boost 
Your liver starts 

el aztelaare mere hun 

fe] \Yexole[=lam[alne) 
glucose, ready to 
supply the body with 


instant energy. 


systems such as 


‘The time it takes to 
understand what's 
happening might be the 
ference between life 

and death ° 


al] 





Screams are an example of a 
universal vocalisation; they are 
the same in every language 
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Are fears genetic? 





Your phobias could be passed down through generations in DNA 


It was previously assumed that all irrational fears 
are learned through personal experience or 
taught to us by others. In cases where a person 
develops a phobia related to a traumatic event in 
their past, this is most likely the case. If somebody 
nearly drowns while swimming in the sea, for 
instance, it wouldn't be surprising if they develop 
aquaphobia, the fear of water. The brain makes a 
connection between the situation and the feeling 
of pain and panic, and commits it to memory. 

Is (ONN(=nt(e) om Lem Low eLOy vam ereered elmaatsimsve)esl=ne)eleleytets 
have a genetic origin. Identical twins are more 
likely to share the same irrational fears than 
non-identical twins, even if they are raised apart 
from one another. 

Experiments with mice have shown that fears 
they develop can be passed down to their 
children and even their grandchildren. The mice 


Inheriting fears 


A study with lab mice suggests 
that fear is a family affair 


Shock 


Every time the scent 
is released, the _ 


mouse is givena 


leT=Va=1 a (omet ar-lave (=) 
ali (em=)(=xe1u d (ems) alelel.@ 


Bi arsmexe)areliaceyaliave mers [Uisi=10 ire | 
Jpate]|meolar-lale(omiamualcmer-lacvals 
mouse’s DNA, which was 

Talatsyainsvem o)adal=mel0] ok 








Future generations 






were conditioned to fear the scent of 
acetophenone - a sweet smelling chemical. 
Researchers found that the pups, and even the 
grand-pups, of the conditioned mice were startled 
by the scent too. 

One explanation for this could be that parent 
mice communicate with their pups to effectively 
teach them what to fear. Studies have found that 
when mice are scared, they release pheromones 
that act as an alarm signal to other mice. 
However, in the acetophenone experiment, the 
pups proved to be sensitive to the scent from the 
very first time they encountered it. What’s more, 
some pups of conditioned mice were fostered by 
non-conditioned mice. The non-conditioned 
foster parents were not afraid of the scent, but the 
pups were, suggesting the fear’s origin was 
genetic rather than social. 


Pups 
al at=mexe)avelin(e)a(=vomaneles(eM aleis 
pups, some of which are given 
ion ave) abrexe)are lid (e)als\omcesitclg 

——_— to be raised. 


ck 
, 
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Foster parent 





The mouse is exposed to 
the scent of acetophenone, 
a chemical that smells like 
cherry blossom. 


} 
- Scent 


It is not clear exactly how the conditioned fear 
is passed on to future generations of mice, but the 
current theory is that it is down to something 
(of VUT=Xo =) 0) Fex=yel=ju lop bev elsyale-be(e-me alcmeyarcaneret| 
conditioning process leads to chemical 
sa sLolenuiler-iuloyelsnaetsimel st-belxouescyalsacn.¢e)aasisle)e! 
(which genes are switched on or off), without 
changing the DNA sequence itself. The 
researchers found that the conditioned mice and 
their offspring developed more scent receptors in 
id alsvuq o)e-Dbatsnece)enley-basvom ron eleecree)elobialeyetciemestlace 
With more ofthese receptors, they can detect the 
Jo) carsi=) 8 Leone) r= (c=) 0) 0) aXcvele) alexslm@ (Os) qee) elecrelacslaleyets 
and so are alerted to it more easily. 

Epigenetics is a relatively new area of research, 
but it stands to reason that fears and other 
memories may well be inherited this way in 
Jalebest-dersnreyey 


“Identical twins 
often share the 

some Irrational 
fears” 





\ Coyabrere)alelinieyarcre 
mouse 

The foster parent has not 
been taught to fear the 
smell of acetophenone. 





















The foster mouse doesn’t 
react to the scent, so it is 
unlikely the pups’ fear was 
passed on socially. 


The study found that a 
s{o\ore) ale me(=)a(=)e-)8(0)0 ke) im 0)0) o)— 
were also more sensitive 
1KoWr-(ex=1k0) 0) a(=)a (0) alee 











polor= | q=16 fy 0] 6] of) 
Both sets of pups are startled by 
the scent of acetophenone, despite 
never it it before. 
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A growing fear in the modern world is nomophobia - the fear of being without ag mobile phone 


= 











People with damaged 
amygdalas are more complacent 
around potential threats 





Sometimes it is just the thrill 
that makes people take 
Wyalalserstsict-] AVA @IS1,6) 
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Scaredtodeath /| \ 
It’s not just a figure of speech - it turns can have a significant negative impatt 
out you really can die of fright. The on your health. The fight-or-flight 
adrenaline released during the response suppresses the immune 
fight-or-flight response can be system, leaving you vulnerable to 
damaging in large amounts. illness. Going into survival mode ona 
This stress hormone regular basis can lead to digestive 
encouragestheheartmuscle disorders as this non-essential system 
Reguiatly ae aT tocontract, butifyourbody — isrepressed. Long-term stress can also 
fight-or-flight response j 
through anxiety or releases too much lead to weight issues by disrupting the 
stress can Cause serious adrenaline, your heart is metabolism; elevated levels of cortisol 
health pro unable to relax again. can make the body less sensitive to 
Adrenaline can also insulin. Muscles that are constantly 
interfere with the cells tense and ready for action can cause 
that regulate your heart headaches, stiffness and neck pain. The 
rhythm, causingittobeat list doesn’tendthere;chronicanxiety = 
abnormally, which could has also been linked to cardiovascular : 
be lethal. problems, asthma and insomnia. Sucha & 
While not directly broad range of effects can be harmful to g 
deadly, prolonged anxiety both physical and mental wellbeing. E 
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' Exposure therapy 

Fear is an instinctive | all involves facing your 

ESTUTAVNE- | Maalerearelalcian fears one step at a time 
hat helps protect us 





pale ‘The patient learns to associate their 
phobia trigger with more rational, 
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positive thoughts © 


Exposure therapy 

The aim of exposure therapy is to 
gradually desensitise the patient to the 
source of their phobia. The patient ranks 
situations from least to most terrifying. For 
example, an arachnophobe might place 
thinking about a spider at the bottom of 
their list, and having a spider crawl along 


Research suggests 
that CBT actually 
(ore [0 hs{oto ©) 8\VA5) [ere] | 
changes to the brain 





Cognitive behavioural therapy 
The aim of cognitive behavioural therapy 
(CBT) isto change how we think about 
certain situations. It is thought that irrational 
anxiety issues are caused by a patient's 
negative interpretation of events, rather than 
the events themselves. CBT isa talking 
therapy that helps patients assess their 
reactions to situations, replacing the worry 
cycle with more useful or realistic thoughts. 
Patients’ brain scans indicate that CBT 
reduces the overactivity in the amygdala and 
hippocampus associated with phobias. 
Studies have also shown that CBT is as 
effective as medication in the treatment of 
many anxiety disorders. 


their arm at the top. The patient works 
with a psychologist to systematically work 
their way through the list, using 
relaxation techniques or other coping 
mechanisms until they are comfortable 
with each stage. The patient’s brain learns 
to relate each scary situation to being 
calm, reducing their anxiety. 


Therapists can = 
(ore) niu ge) ma aT=) 

WaTaae re) 

Tors) alt=] a (em ce) — 


suit the 
patient’s 
progress 





Virtual reality therapy 
Exposure therapy isn’t a viable option for 
all phobias, but modern technology offers 
an alternative. Advancements in virtual 
reality systems mean that patients can 
now face their fears through a headset 
rather than in the real world. This allows 
patients to face any number of situations 
relating to their phobia, while knowing 
they are in no physical danger. For 
example, somebody with a phobia of flying 
can take a course of sessions - in which 
they board a virtual plane and experience 
announcements, take-off, turbulence and 
landing - without having to buya plane 
ticket each week. 
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DID YOU KNOW? Anatidagephobiag, the fear that a duck is watching you, Is fake - It was invented for ag cartoon 





Top 10 strangest phobias 


WW alemaslorsimecacbentelemeleleletctorcirsveemeceeemeslaleetslelarchecy 
but others are completely bizarre 

















Heliophobia : f AVM aleslatsy=m ists] ae) 


Papaphobia } 
mw -VaWiagclatelat-]m e)a\e)e) re) _ Fear of the Sun, sunlight, | small holes 
of the Pope ~~ or bright lights or bumps 












ae, NM 


» = A. -~Phobophobia 
mam, ©] nae) e)ale)e)f-) Ni cMicelmemeleleyeliate) 
Mem a-Mict- meman-Kere) (ob ate) a a phobia 

; word yellow 








To) nalall elare)e) rel 
The fear of 
falling asleep 








~ Soceraphobia 
An irrational fear of your 
| parents-in-law 





Lutraphobia P\g-CoallLeiavige) o)ave)e]t-) . Omphalophobia ¥ 
TR Cucranlonealireae The fear of having peanut butter _ The fear of belly buttons g 
i BaOner. ie-) 1 U(e) Gi Koma a(-Maolelme) mele maneeinn ha rs 
gS _ 2 a 
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Perfect posture | 


Find out how being a serial sloucher 
affects more than just your spine 


hances are most of you reading this aren't 

sitting or standing properly. Students and 

office workers know only too well how 
easy itis to slip into a slouch while spending all 
day working at a desk. This prolonged poor 
posture puts stress on the neck, shoulders and 
Spine, contributing to problems such as postural 
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Whether ire laleliale mele 
Ji aulalePuaat-lialeclialiaremeietese| 
posture is important for _ 
your health 






knees and ankles. This correct positioning 
may take some practice, but as you retrain your 
muscles it becomes second nature. 

In addition to putting stress on your bones and 
muscles, bad posture affects how efficiently we 
breathe. Hunching the shoulders restricts the 
amount by which the ribcage can expand, 


reducing lung capacity by as much as 30 per cent. 
Poor posture has also been linked to 
neurological issues and heart disease. 
Asurprising side effect of posture is that it can 
change how people think. A study by Ohio State 
University in the US found that people who sat 
up straight exhibited a more confident and 
positive outlook than those who slumped over. 


hunchback and spinal misalignment. 

Good posture ensures that you can stand, sit 
or lie down in positions that put the least strain 
on your body’s muscles and ligaments. A quick 
way to check your posture is to make sure your 
earlobes are aligned over the middle of your 
shoulders, your shoulders are in line with your 
hips, and your hips are directly above your 


Strain 
Bad posture works against the 
are 1uele-]meilavs-1u0] aoe) m\Ze10] a) ©) | ale 
putting stress on the muscles. 


Arms 
PAWe) (em g=s>ii ale mYcole]mau=)(e]nlme)aMyselela 
forearms or elbows, as this can strain 
your shoulders and upper back. 


m(Ulareraliale mee) g 
bo) ol=daleliavem ale) | ecmalllaleia(=\e Me) clar- 
desk can tighten your chest and 
weaken your upper back. 


Seated posture 


CoM meine me) omjee-lielais 
protects your spine 


Natural curve 
Good posture helps maintain 
your spine’s natural shape, a 

gentle S-shaped curve. 


s¥] Fel avexse| 
weight 
Make sure your 
weight is distributed \ 


Lower body 
Crossing your legs 
forces your pelvis 

rValo mje) |a(-mele] me)i 

reli felalgatciali 


evenly across your 
ay exsmkomr-\VZe) (eM (=¥-]allare) 
to one side. _—— 
——————— 





if 
Certain exercises can help 
improve your posture 
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6 if Speak French, Spanish or Italian 
as they are really spoken aa 


Now you can improve or maintain your French, 


Spanish or Italian with the bi-monthly audio magazines, 


Bien-dire, Punto y Coma and Tutto Italiano. 


Bien-dire, Punto y Coma and Tutto italiano are all published six 
times a year from France, Spain and Italy and include a glossy 
magazine packed full of lively, topical and original articles and 
in-depth interviews in French, Spanish or Italian to give you the 


inside track on French, Hispanic or Italian culture. Key words and 


phrases are glossed into English on the facing page. The articles, 
in turn, are narrated on the accompanying 60-minute audio CD 
to enable you to improve your listening comprehension and 
understand French, Spanish or Italian as it’s really spoken. 

In addition, every feature is graded for difficulty so that 

you can assess your progress with each issue. 


If you now want to be able to speak like a native, a subscription 
to Bien-dire, Punto y Coma or Tutto italiano will inspire, 
motivate and help you to achieve fluency. 


eee ee eee eeeeeeeeeeeeeeeeeEeeeeeeeeeeEeEeeeee————eeeeeEeE—eEeEEE—E——E———e————— See 


O1, Please send me a year's subscription (6 bi-monthly magazines and 6 accompanying 
audio CDs for £89) to Bien-dire French Audio Magazine + 1 Extra FREE tssue and a FREE 
French-English electronic dictionary! 


] O 


= 
Th 


Cheque: Cheque enclosed for £89 (payable to Languages Direct Lid) CJ 
Mastercard (] 


Please send me a year's subscription (6 bi-monthly magazines and 6 accompanying 
audio COs for £89) to Punto »y Coma Spanish Audio Magazine + 1 Extra FREE tissue and a FREE 
Spanish-English electronic dictionary! 


Please send me a year's subscription (6 bi-monthly magazines and 6 accompanying 
audio CDs for £89) to Tuffo italiano lalian Audio Magazine + 1 Extra FREE Issue and a FREE 
Italian-English electronic dictionary! 


O 


Vsa CL] Amex 


of Card: Please charge my credit card for the sum of £89 only 


Card number 


Expiry date: Card CVV Code: 
First name: | ae fame 
Address 
Postook Country 
Telephone: Email 


1 bi €N-dire 


¢ Speak French, Spanish or Italian with 
confidence by learning the language as 
it’s really spoken 

* Improve your vocabulary and listening 
comprehension 


* Improve your knowledge of French, 
Hispanic or Italian culture 

e Lively, relevant and up-to-date, authentic 
content 

* Take advantage of on-going, portable 
and flexible learning 











Subscribe Today to either 
Bien-dire, Punto y Coma or 
Tutto italiano for a year for 
just £89 (normal price £99) 
extra issue, worth over £16 
for FREE, and a FREE 
electronic dictionary 
bookmark worth £24.99-a 
combined saving of £51! 


Order TODAY By calling 
O800 141 2210 


Outside the UK call 
+44 117 927 2236 
Or order by visiting our website: 


wan 









£51 Saving! 


Oo @ 


© 











Please send your completed order form together with payment to: 
Languages Direct Ltd 

FREEPOST RSKB-KSKR-LYLU, Bristol BS1 6UX 
Delivery: Your first issue should be with you within 10 days of receiving your order. 
Outside the UK send to: 


Languages Direct, Spike Island, 133 Cumberland Road, 
Bristol, BS1 6UX, United Kingdom 


60 day money-back guarantee 


If for any reason Bien-dire, Punto y Coma or Tutto italiano is not 
for you, just let us know within 60 days, and we'll refund your 
subscription in FULL, and you can keep your first issue. If at any 
time later you decide to cancel, we'll refund you the cost of any 
unmiailed issues. 


To see our full range of excellent lanquage learning materials 
visit www.languages-direct. 
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lsolating 


deadly 


diseases 


When serious infection strikes, 
biocontainment units work to keep us safe 


azard group 4 pathogens - suchas 

smallpox, Lassa fever and Ebola - cause 

severe human disease. They are likely 
to spread, and there is usually no effective 
prevention or cure, so when infected patients 
come through the door, hospitals must act fast. 
The patients may be rushed to a separate 
facility known as a biocontainment unit. There 
are only asmall number of these facilities 
worldwide, and every detail is geared towards 
infection control. 

Biocontainment units are designed to be 
isolated from the main hospital, providing 
everything that the staffand patients might 
need in one safe, sealed space. The rooms have 
facilities for normal, high-dependency and 
emergency care; there are en-suite bathroom 
facilities, and staff can even perform minor 
surgery. Dedicated lab facilities allow tests to be 
performed immediately, without the need to 
transport dangerous samples. 

To minimise the chance of airborne 
pathogens escaping into the hospital, these 
units have their own dedicated ventilation 
systems, and the pressure inside is kept slightly 
lower than the pressure outside. This means 
that air will have a natural tendency to move 
inwards, creating a constant breeze that helps 
to blow any infectious particles back inside. 

Allair leaving the facility is first passed 
through high-efficiency particulate air (HEPA) 
filters. These dense mats of glass fibres block, 
slow and stick to particles, filtering 
contaminants and preventing their escape. The 
filtered air is released high above the roof of the 
hospitals, dissipating into the atmosphere. 

Inside the unit are clear divisions between 
the rooms. Staff members enter through 
designated areas to don their protective 
equipment, and exit through different areas to 
take it offagain. The rooms are fitted with glass 
panels and intercom systems, and CCTV allows 
close patient monitoring, while minimising the 
risk of infection. 

Nothing that goes in to the unit can come out 
until staff are sure it is clean. Items like suits, 
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2 @ Ss 
: — Patient rooms 
Autoclaves Rooms are equipped to 
sterilise deliver high-level patient 


care, with facilities for 
intensive treatment and 
even minor surgery. 


equipment with 
high pressure 
and high 
temperatures 










swabs and spoons are sterilised, either by 

searing steam or high-heat and high-pressure 

autoclaves. Disposable items are burnt. 
Patient waste is bleached until nothing 

can survive, lab samples are dunked in 

sterilisation tanks before they are 

taken for testing, and some 

equipment is exposed to burning 

ultraviolet radiation. All of these 

measures help to ensure that 

the patients inside and 

outside the unit receive the 

best possible care, while 

minimising the risk of 

further infection. 


Inside a 
biocontainment unit | 


The extreme measures that 


help to prevent outbreaks En-suite facilities 


Each patient has access to = 
bathroom and shower facilities. Y 


Surgical cap ——” Se ——— Goggles or 


face shield 
Respirator ge 


muttiple_J)) 
gloves 


Apron JA Rubber 
lz boots 


fi Overalls 
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JID YOU KNOW? There are only four specialist biocontainment hospital units in the US and two in the UK 










Protective equipment 
Staff in the unit are provided with 

protective equipment for 
interaction with the patients. 


Decontamination 

} shower 

Emergency facilities are 

2) present on site in case any 
staff member is exposed. 


tal \l a 


Windows and intercoms 
CCTV, windows and intercoms allow 
staff to communicate with patients 

without having to enter the rooms. 
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Waste management 
Disposable waste is first 
sterilised with steam, heat and 
pressure, and is then incinerated. 
















Negative pressure 
Pressure inside the facility is lower 
than it is on the outside, so air 
flows inwards, helping to prevent 
infectious particles from escaping. 


Lab 

















a , te The samples are tested in | 
Sterilisation _ ee their own dedicated lab, Bleached 
Samples are dipped in — 7 under the same high-level waste 


sterilisation fluid before 
they go to the lab. 


controls as the facility. Liquid waste from 
the unit is bleached 
for several minutes 
to kill or deactivate 

any infectious 


material present. 


a 
a 


“Nothing that — 
' goes in to the 
\ unit can come 
‘out until staff are 

sure it is clean” 


Sample tubes are dunked to sterilise the 
outside before they are sent for testing 
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© Dreamstime; Illustration by Ed Crooks 
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Subscribe to our channel! to 
see your curious questions 
answered on camera 
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Seeing 
at sea 








How do Fresnel lenses 
help lighthouses shine 


far into the ocean? 


ighthouses are topped with 
i bright beacons that help to 

mark dangerous rocks at 
night. However, bright lights don’t 
always reach far enough into the 
ocean to be seen. The solution, 
which was designed back in the 
1800S, is a Fresnel lens. 

When light travels from one 
medium to another, it changes 
direction. In order to make the light 
travel even greater distances, glass 
or plastic lenses can be used to 
bend the rays, so that they all travel 
in the same direction. 

Lenses are used to bend light into 
crisp, magnified images in 
microscopes and telescopes, but 
these are heavy and expensive. For 


Prism break 


Stacks of prisms bend the light 
into a powerful beacon 









Deconstructed lens 
The middle section looks like 
the front of a normal lens, with 
most of the glass cut away. 


Reflecting prism 
Around the outside of the lens, 
the prisms reflect the light, 

bending it inwards even more. 


mark jagged rocks, 
MiVee gallate Bst-li (0) asm Ke) 


stay away 






lighthouses, you don’t need good 
image quality; you just need the 
light to travel as far as possible. 

Fresnel lenses strip away all of 
the excess glass in order to produce 
a cheap and lightweight solution. 
The most important part of the lens 
is the surface, where the light 
comes out, moving from the glass 
back into the air. Fresnel lenses 
work by effectively cutting away 
the other parts. 

The curved front sections are 
stacked together to form a ridged 
lens. Each step bends the light 
inwards a little more, focusing it 
into a tight, powerful beam that 
can then travel several kilometres 


out to sea. 
Beam : Light 
The stepped lens The light 
bends the produced by the 


bulb travels out 
in all directions. 


incoming light into 
a beam. 


Refracting prism 
In the centre, the prisms 
let the light pass through, 
forming the beam. 


© Dreamstime; Illustration by Rebekka Hearl 
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The Doppler effect is used in some types of radar to measure the velocity of detected objects 








in ie Sy 1840s, ane nie 
Christian Doppler was the first to 
describe how sound and light waves 
seem to change as the distance 


between the source and an observer is | 


increasing or decreasing. The theory 
was tested in 1845 by Christoph Buys 
Ballot. In his experiment, he asked 
musicians to play a constant note 
while on a moving train cart. The 
note he heard from the platform 
changed as the train sped past. 


VE if abe ae OO } 





real ia faa rim 
| AN |i {oy 

Hoh 

£ y 

ie on ' 
me “4 es 


We've all heard how a siren changes 
as an ambulance rushes past. The 
pitch of an approaching siren will 
increase, then decrease as the vehicle 
speeds away. This is known as the 





Doppler effect, and is caused by sound § 
waves effectively bunching together or § 


stretching out. The pitch you hear is 
determined by the sound's frequency, 
or the number of waves per second. 
The siren's frequency doesn't change, 
but as the ambulance travels towards 
you, the same number of waves are 
compressed into a decreasing 
distance. This increases the frequency 
of the sound waves you hear, so the 
pitch seems higher. As the ambulance 
travels away, the sound waves are 
spread across a growing distance, 
reducing the frequency you hear so 
the pitch seems lower. 





It’s all relative: to people travelling in the 
emergency vehicle, the siren’s pitch 
stays the same 


Pe ae tah et me 





A sound's apparent pitch is relative to 
id atoMel at: halcsbalemonl-je- hale -Mol-iny(—\-ielm Hale) 
noise source and the observer. 
Decreasing distances result ina 
higher pitch and increasing distances 
result in a lower pitch. 
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1 OR AWAY FROM us 


Doppler in action 


Why the pitch of a siren seems to rise and fall 


Siren 

The siren actually blares at a 
constant frequency. To the 
lanlelelt-lavexcme|alVc2) emual=m e)ineia mei 
the siren remains the same. 























Driving towards 

As the ambulance travels 
towards the observer, the 
waves are compressed into a 
smaller distance. 








Observer 1 
The apparent increase in 
wavelength and decrease in 
frequency is heard as a 
lower pitched siren. 


Driving away 
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REDSHIFT AND 
THE PRINCIPLE OF THE DOPPLER EFFECT 
APPLIES TO LIGHT AS WELL AS SOUND. THE 
FREQUENCY OF A LIGHT WAVE INDICATES ITS 
COLOUR, $O BY STUDYING HOW THE LIGHT OF 
A MOVING OBJECT CHANGES, IT IS POSSIBLE 
TO DETERMINE WHETHER IT IS MOVING 
TOWARDS OR AWAY FROM US. 

THIS IS THE METHOD THAT AMERICAN 
i ASTRONOMER EDWIN HUBBLE USED TO 


BLUES 





NSB a(sWelealeleltclalexsmagelVi2) (5) 
away, the same number of 
waves are spread over a 


ln a fe i ee ee ee ee ee ee ee 
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LO] o-=)aV(=) a4 

To this observer, the siren’s 
frequency appears to increase and 
its wavelength decrease, giving 

1d a(=Wlanl®)actsso(e) ame) mr-lal(e]a(s)ane)inel ap 


7 
CONCLUDE THAT MOST GALAXIES ARE MOVING 
AWAY FROM OUR OWN, THEREFORE THE 
UNIVERSE MUST BE EXPANDING. THE LIGHT 
FROM MOST COSMIC OBJECTS IS SHIFTED . 
TOWARDS THE LOWER-FREQUENCY, REDEND | 
OF THE VISIBLE LIGHT SPECTRUM. THE LIGHT 
FROM SOME STARS AND GALAXIES I$ SHIFTED 
TOWARDS THE BLUE END OF THE SPECTRUM, 
IMPLYING THEY ARE MOVING TOWARDS US. 
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Anechoic chambers 

) absorb all sound so 

im 
there are no echoes} » 
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DID YOU KNOW? There Is an app called Score! that lets you recreate classic goals from famous players by swiping your screen 




























icture it now: it’s the 2050 World Cup final. part of the rules back then - did you know, for 
Three-time winners China are facing off example, that shin pads weren’t even made 
against Germany in the newly renovated compulsory by FIFA until1990? When you 


Wembley Stadium. Around the world, millionsof consider what has changed, the concepts above 
fans sit in their homes wearing virtual reality(VR) don’tseemso unlikely. 









| : : ») headsets; they all have the best seat in the house, Recent advancements in tech like VR, camera 
se) n CU r ren t tt e c Sp right on the half-way line for kick-off. As the first systems and even kit design have meant that the 
goal is scored, the VR viewpoint switches to that latest competitions have been the most 
of the player and suddenly millions of people are sophisticated yet. And, with more and more 
seeing the goalas the striker saw it, then as the technology being introduced at each tournament, 
goalkeeper, then from behind the goal. Those the future of the beautiful game is likely to be one 
| IN See = that couldn't get to their VR headsets watch the that is as reliant on computers and smartphones 
4 1 | replay projected as a 3D hologram by their as itis on players at the top of their game. 
if smartphones, andas the players run to the corner The exciting thing is that we can predict what a 
to celebrate with their fans, biometric sensors football match of the future may be like based on 
built into their kits, or even their skin, give the the technology that has been added to the game 
Smartphones and apps , 
P team managers minute-by-minute readouts of in recent years, and advancements that are being 
martphones are now the primary 
rolaalaaltlalercitelake[vaieschielaaitllltelas their fitness levels. developed right now. Whether it’s simple things, 
of people, and a huge selection of It might sound far-fetched, butwhenyouthink like the disappearing spray now carried by 
apps allowed for fans to show their : : : 
; back to football matches just 20 or 30 years ago, referees, or more cutting-edge tech like cameras 
support, and discuss their favourite 
teams with other fans online. it’s astonishing how far the game has come in that allow for 3D replays, read on to discover how 
sucha short time. Some of the things we take for football matches will evolve even further in the 
granted in the modern game still weren't even next few years. 


World Cup tech Nike Mercurial Superfly 


Boot technology also advanced 


The gadgets and gizmos that for the World Cup. Nike’s 
made the 2014 World Cup Mercurial Superfly boots added a 
the most advanced yet micro-textured upper that made 


it feel like players weren’t even 
wearing boots, while providing 


—_ excellent stability. 


© Adidas; Nike; PixelSquid; Illustrations by Rebekka Hearl 





a | 
fo 
“ a 8 Portugal’s 2016 
% : ia —_ — kit features Nike’s 
: . AeroSwift 
a. . ce P . ela | _s inavod avare) LeYehVmn ie) 
peed Serr hy, a aig ee BIOL ns. —o improved 


breathability, 
stretch and fit 





This smart Spray can a q : ¥ > - 
used by the refereeto 

mark free kick lines. Itis : 
made up mostly Of water ~ — 

and butane gas, which A | —_—~ Goal-line tech 
expands when sprayed tO met ql The 2014 World Cup was the first to 
ike)a pal o)0)o)e)(-\-eam Mala) bubbles a, A use goal-line technology. Seven 
collapse after around a* ~ ar Ae, | cameras at different angles 
minute, leaving only water sa accurately track the ball, and notify 


on the pitch. the referee if it crosses the line. 
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: RAI N ; NG ; EFAMS Individual aspects of a player’s 
OF TH F FUTU RE | game can be closely analysed 


The techniques that will take footballers to the next level 


While many of the advancements in the sport New technology, like the Adidas MiCoach 
over the next few years will certainly bein the smart ball, now allows training sessions to be 
stadium, onthe pitchandinthe homes offans, — tracked more closely, andindividualaspectsof help give more insight into how the player is 





some of the biggest changes willactuallyoccur a footballer’s game to be closely analysed on performing. The information feeds straight into 
away from the cameras. Training sessions are the training field. Sensors built into the ball asmartphone app via Bluetooth, so players and 
being transformed as coaches learn moreabout present dataabout each kick-forexample,you coaches caninstantly see how to get more curl 
how athletes’ bodies work, as are the ways in can see how hard a shot was struck, follow the ona free kick, generate more kicking power, or 


which players prepare for their next bigmatch. _ flight trajectory, and reveal impact points to take better penalties. 
A awl al TTT - l= 
Add to watcniist 
















Virtual reality 
ldesllaliace 


Players are using VR systems ae 
to:improve withouteven «—_ 1ESUITS 
having to move.a muscle «= ~~ 
You Answered: Correct answet 


Cameras everywhere 
The system uses cameras 
Players watch scenarios unfold, around the pitch and combines 
and are then asked a question images with data about 

about the best course of action to AS Press @ to continue players’ physiques to recreate 
work out how they think in-game. parts of the game in 3D. 













The test 










Training the future 
The system can be used on players 
as young as 12, and coaches can 

m™ explain why they should have 
played a certain option afterwards. 









Does it feel real? 
Currently the graphics look like a 
FIFA game from a few years ago, 
but as computers get more 
powerful it will look more realistic. 








Speed is key 
Choosing the right pass is 
| important, but the speed of the 
choice is also analysed to improve 
how quickly players react. 
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Patents filed by major tech companies like Apple show ideas for smartwatch bands that analyse sweat 



















Coaches are also focusing on how to get more 
from the players physically, and modern tech is 
helping to prolong the fitness of top 
professionals. In the 2014 World Cup, for 
example, the England team had coolers filled 
with drinks, each one tailored to a specific 
player’s needs. Exercise scientists, coaches and 
nutritionists worked together with experts from 
a university to create drinks customised for 
each player, with different electrolytes 
depending on the amount of fluid that each 
player lost during the match. In future, kits will 
likely include sensors that can accurately track 
a player’s physical state, from their temperature 











* 
= 
’ 
= # 
r 





| ail 






to their pulse, and tailored drinks could be 
made up by machines on the side of the pitch to 
give them what they need to perform. 

Training sessions are no longer just a place to 
work on your own game, but to study the 
opponents’ too. Tablet computers are regularly 
provided to players, which contain notes and 
videos on specific members of the opposition 
team. In the future, VR systems may allow 
players to relive moments in virtual 
environments to study the movements of 
opposition players. Technology will, 
undoubtedly, improve the quality of football in 
the next few years, as well as the way we watch. 
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© PixelSquid 








Wh ats\cow-lasmanlelia)e)(omsy-)ale)ecm ole] immlalne) 
the Viper Pod to track a player’s 
movement and body status 
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GETTING A 
- | DRONE’S-EYE VIEW 


FANSWe| co) avom nove alae) (elehme [21 somo) aareli(slar-lale| 


cheaper, we may well see them buzzing 
- The next-gel 


“ae | over the pitch. The important thing here 
. = = ia == is for the drones to be so small and light 
stadium . = eee Lighting made smarter | ____ that, if the ball struck them, they ? 
} ’ =) ~=6LEDs now make lighting more efficient, ¥. sta ee e _ wouldn’t change its trajectory or deflect - 
» What new tech will soon 4 wr $: ° x but balloons carrying special coloured “Ur Aa ot hn it towards the goal, for example. , 
be packed into the pitch © oP ree bulbs could create a more ambient 


and stands: . PAT) \e © natural light that would make evening 


©: ¢e0 , fc: | / games more comfortable to watch. 
S TO OM 2 OTHE GAME (IS ABOUT GLO __TOPTENTIA | 
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-— hl dak SER | = on = [oo eas, fe meri mo % 
Jatt, f ‘Ae I Pos Te : rae ¥ ys bl wt ee 


TOTTENHAM HOTSPUR : TO) DAI rs TO TT mc ADDO ini _4 ae x: fs 
sim "ae 7 1s. i 
F = ee ore dat Sah, ity ha ne j i y 
ln hc i ee Ry ee Se ~Flying cameras 
Personalised ads es aS = hey Pw ct aa Mi it 1 =" ~While drones are currently large and 
If augmented reality becomes na “— : . easily damaged, soon the technology : 
more commonplace, fans could will be so small that tiny cameras could Te in, 
ye start seeing personalised ' fly above the game, following players 
ne ai advertising while they watch the | eal iy without disrupting the match. 
game, showing products they 
are actually interested in. 



















Tiny drones could even be piloted by 


RE rs rob 
' fans wanting to watch on their phones 








ee es = 9 i) 
» >. 2. AGAIN... IN 3D” 
‘5 eh “; _ The FreeD system currently usedin NBA 
~ ‘7 uses aseries of cameras to capture a a 
a4-* . 4 ae ~~ © moment from every angle. Software | 
—- ' “combines these viewpoints and creates 
-. _ <a hs o-® ‘3D pixels’ to draw a view of the event in : 
' rn, 4 as ”A 5 3D space. The footage plays, then pauses “ 
= e ere Pa allowing the camera to spin around the 
oN rs « ; SEU] o)(-Yo1-la le Kelg-y-1x-¥- BC) DM ol(e1t0]e-Me) meats 
3 ‘ i scene - before the action completes. 
= a Player-worn cameras 


= 
oe 


a | As technology advances, it will 
ee jit t, me Pee — , | | -_e | be easier for cameras to be 
Md 7" included in kits, so fans can 
_ relive goals from the point of 
_ view of the scorer. 


ff e 4 
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c} RD Pi 52 


~ 2 4 , 
. 6 _ The camera system freezes the action 
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THE TECH- DRIVEN FAN EXPERIENCE 


How new advancements will change the way we watch the game 


For the moment, there reallyisn’tanythinglike thatrecords video for VR playback.Soon,these crowd,andasurround-sound headset that 





sitting in the stands with tens of thousands of may be used to broadcast games live to VR records the sound from inside the stadium, and 
fans as you cheer for your favourite team. devices around the world, which would allow you'd be experiencing something close to what 
However, in the future, things could be very you to slip on a headset and watch the game as the fans with tickets see and hear. 

different. While currently fans pay a premium if you were sitting in the stadium. Even better, with multiple camera rigs 

KOM Vclnelaumex-bealcmmcroleyemmelcnvasstchymelersleecrsis) le) (omnes) Combine these visuals with a specially around the stadium you could change your seat 
everyone via the power of VR. Special camera designed seat that vibrates alongside the throughout the game, so you're always behind 
set-ups can now film a full, 360-degree view chanting, cheering or foot-stamping ofthe the goal when your team scores. This 
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The smallest camera-carrying drone measures less than four centimetres across and can stream 4e2o0p video 


Smart camera systems 
Much like the goal-line system, 
cameras may be positioned 
around the stadium to help 
referees make decisions about 
penalties and other key 
moments in the match. 


S~ Maintaining 
», the surface 
Sensors will soon be built into 
* = pitches to monitor the 
_ hardness and wetness of the 
surface, as well as the player 
and ball position. 


Live data 

The big screens in stadia 

currently show replays of 

goals and display team 

information, but this 
could be taken further 

with live stats or other 


eo a rey Pate y: Fe NN he facts about the game. 
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Pitch-level cameras 

There may soon be cameras that rise out of 
the pitch to track the action from ground level. 
Sensors would allow them to retract 
automatically if players are nearby. 








Augmented reality = nN 
VR might help fans at home to feel like |i q - i? 
they’re in the stadium, but augmented A’ , ‘ - ‘ 

reality could also allow fans watching Pas >> 

live to see stats and replays on special ' 

glasses while watching the game. ! ™ a la 





at 
— ‘Ven. 


experience may be a few years away, but it’s an 
exciting prospect. Something that will likely 
Ja¥z} eo) oXsyeu- WeiaaCocveloyal=) om melelorcd opm tsmaelce-lolonlmleyeneyi 
detailed player stats for fans, both at home and 
in the stadium. As sensors like the Viper Pod 
become smaller and more common, fans can 
compare the performances of their favourite 
stars and cheer on the players who are reaching 
exhaustion, as well as make suggestions for 
JaXoy Wa Koes at balcxem copaset-laceetsne) a sets Nica 
substitutions based on performance. 


Sofa fans will'soon get the same 
experience as those inside the stadium, 


_ _ — 
* i. = 






“As body 
Sensors 
become more 
commonplace, 
data can 
be broadcast 
to fans” 
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DID YOU KNOW? The International Football Association Board is going to trial using video replay assistance in the 2017/18 season 
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3 REAL-LIFE 


Hh eal 
INVENTIONS scjp xorst 


Make it so: How the gadgets on board Starfleet ships _ INSPIRED BY... Universal translator 
50 years ago ihatsje)acerel rantelelsjael irerel abate) Ceycays When you’re boldly going where no man has gone 


| oX=) Ke) a= ¥en | a=) Oscm OME] ale(=a-1u-] ale MNdal-lamdalcm (eler-] om-] a>) 
saying. Starfleet crews were given universal 
translators to seamlessly interpret alien languages. 

; = : Microsoft has developed Skype Translator to break 
Scanadu Scout Mobile phone axe ley nal clalelUF-te(-m ef-lani-lact al-la-Melanl t-ladaMmMalcW olaetela-lanl 
INSPIRED BY... Tricorder : INSPIRED BY... Communicator : compares your speech to a database of audio 

: snippets in order to compile a transcript. This text is 
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In the show, Dr McCoy's lug lere) gels The Trek technology uate 1mm at-lemaalom e)cele(=s-j mul alale(=)arer-me)al reality is : then translated to the desired language and read out 
(ore) 0] (e m<er-] a i- Is ey-14(=) an Mem olele\var-lare| : the communicator. Starfleet crewmembers used these devices to : by an automated voice. 
instantly diagnose a medical problem. ; contact one another, and to transmit emergency signals when in : aa 
The Qualcomm XPRIZE is a : trouble. ) eae —— : : i " 
competition to develop a real-life : While working at steet ahs . 3 ne Ft 
V2) a=) (0) 00) im Wa) oMe (=\V/ (ex=¥ ©) a= exe) 1X) ale (=) aurea \V (0) k0) a0) tI a Rc aCe 
is the Scanadu Scout, atiny scanner : Martin Cooper 
that measures your heart rate, blood  : developed the first ; 
pressure, core body temperature and reX=)asie)ar-] maate)eyi(= 
fo)d ate anvil t=] BoiLe | asco dian) ©) hvaare)(ellalemual= Ham o)ate)a\sear-]ave Malo rcinclg 
Scout to your forehead for ten seconds : admitted that Captain  \ 
(oT hV{etomrs lal falel (ors1ulela me) imvZele] am av-v-] lanes ale Mumma 41a @ccmoveyanlanlllaliorciaele ey 
alerts you to any problems via an : aks} ey qcxem alicm lan cclalacelae 
rrexore) an} ey-la\valale pre) ©) oF : Star Trek : 
: Communicators were 4 












: sometimes depicted "ER SD FST ES DEO 
: as wrist devices or 

= even worn as a 

: badge, similar to 

: real-life wearable 

: gadgets like the 

ray Volo) (-Mi' Fine] ale-latemnal= 


= CommBadge. 


‘ } INSPIRED BY... PADD 


The Personal Access Display Device (PADD) was a 
hand-held computer used by Starfleet crew. With 

: their sleek design and touchscreen interfaces, these 
devices are strikingly similar to tablet computers 
such as the iPad. Tablets have become possible 

1d pr-]al ecm Kom Malcmanlialr-1delatst-]ale)ame) mk=\e alate) (olen awa ts 
(oxo) nn) o)01 n=) arexe)an]ece)al=\alecm at-\.omele) ms) pate] i (slam lam alls 

: become possible to fit laptop-level hardware into 

1 pyexcxowexe)ahY{=)al(=)al mate] a\eedals)(e mer-(ele (= ace F-]0) (-15cM 
touchscreen designs let users carry out commands 
with intuitive gestures, like pinch-to-zoom. 
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INSPIRED BY... Replicator 


“Tea, Earl Grey, hot,” said Captain 
maler-]q¢ Pare] atom ualom a=) ©) | (ere) ne) mi aat-le(omuaar= 
(old lalc@llaWele nate] au) ake) mecxs\ore) ale (comm Mal=ssi> 
fictional devices were used to create 
Iaalzte] Kom] ale Me)ual=)axe)e)(=\e1uome)am oley-] ae, 
Federation starships. 

In reality, 3D printers are able to use 
different material ‘inks’ to create a 
huge variety of products, from clothes 
to spacecraft parts. An emerging use 
(o) im Wn] Roma =Xes a] ale) (ole Val oma Ko Mel a =y-] 2 oD) 
fold lalecvemceleleMaYViuame)diaiks) som lL <omual= 
/moteXe lial i-]e)(-mnem e) cole [0 lerom r-)'4le)|F 
10] ge (=) acm o) ksYo10 ium late manlola=w-] annals 
1o)0(o1a me) m-—olUinne) ae 








: By using 
touchscreen 
: interfaces, 

: PADD props 
: were easier and 
fot al=¥e] @1=) au KOM nate ].<=) 
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HOW DOES FOAM WORK? 
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Industrial robots 


Inside the factories where no one gets tired, sick or even paid 


inety per cent of all the robots in 

the world live in factories. The 

availability of cheap human 
labour in China and the Far East hasn’t 
slowed down the march of machines, 
and sales of industrial robots are in fact 
growing faster in China than anywhere 
else in the world. 

Robots were first put to work in 1961, 
when General Motors installed Unimate. 
This was a1.8-ton, die-cast robot arm 
that dealt with red-hot, metal car door 
handles and other parts - dangerous and 
unpleasant work for humans. Unimate 
followed instructions stored ona 
magnetic drum (the forerunner of today’s 
computer hard disks), and could be 
reprogrammed to do other jobs. When 
Unimate robots took over the job of 
welding car bodies in 1969, the GM plant 
in Ohio was able to build 110 cars an hour 
— twice as fast as any factory in the world 
at that time. 

Modern industrial robots have evolved 
from using clumsy hydraulic pistons to 
much more precise electric motors for 
each joint. Sensors on each one detect an 
LED light shining through a disc with 
slots cut into it. As the slots interrupt the 
light beam, they send a series of pulses to 
the robot’s CPU that tells it precisely how 
far the arm has moved. Cameras 
mounted on the end of each arm use 


sophisticated image-processing software 


that allows them to identify objects, even 
if they are upside down or rotated on the 
conveyor belt, while ultrasound 
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proximity sensors prevent the robots 
from striking obstacles in their path. 

Even with all this sophistication, 
industrial robots are so strong and move 
so quickly that it has always been 
dangerous for humans to share an 
assembly line with them. But the latest 
machines have joints driven by springs, 
which are tensioned by motors, instead 
of motors driving the arm joints directly. 
This absorbs the force from an accidental 
knock, and enables the robot to react in 
time to avoid an injury. 


Where do 
industrial 
robots live? 


Number of robots (as of 2015) 


America 
272,000 











Europe Asia/Australia 
433,000 914,000 


Control room 

Human technicians write the 
code that controls the robots, and 
transmit new instructions via 
Wi-Fi to the production line. 
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Curing 

Assembled items can pass 
through a final inspection 
scanner or an oven to cure 
paint and glue. 


Boxing 
Specialised boxing 
robots pack finished 
items into shipping 
boxes and seal them. 
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DID YOU KNOW? The strongest industrial robot is Germany's KR 1000 1300 Titan PA, which can lift 1,300 kilograms 





Lifting robots 
@ ) Crane arms can lift items 
and transfer them between 
conveyor belts along rails 
ss mounted on the ceiling. 







A robot 
assembly 
line 

Robots handle the most 


stressful and repetitive jobs, 
while humans supervise 


Assembly 
| Robot arms can 
screw items together, 
solder circuit boards, 
weld joints and spray 
paint more precisely 
than humans. 
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Inspection 

_ An X-ray or ultrasound 
scanner checks each 
component for flaws or 
damage as it enters the 
production line. 


Multi-functional 
Each arm has shoulder, 
—<— elbow and wrist joints 
that can twist and 
rotate in a total of six 
different axes. 


Danger zone 
Robots are heavy and move fast. 
Humans must keep clear while the 
line is running, to avoid getting hit. 


—_ Joints welded by robots 
~ are stronger because 
they are more precise 

and consistent 


Loading 
A robot stacks the 
boxes onto pallets for 
shipping, with no worry 
about back injuries. 
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Making medical tablets 


The process of turning powder into pills 


harmaceutical companies use machines 

called tablet presses to transform 

powders into tablets. To start, the 
powdered material is fed into a hopper and 
flows through housing into a die that holdsa 
small amount of powder. The die lies between 
two punches that will press the powder into 
shape. The lower punch drops down, allowing 
the granules to fill the space to the exact 
measurement needed for the type of tablet. 


Insidea octave! 
A scraper passes over 
the die to remove any 


Ascraper then removes any excess and the 
upper and lower punches then compress 
together; first at low pressure to remove any 
excess air in the powder, then at higher 
pressure to form the tablet. 

The size and shape of the dies and punches 
are different for each medication so that 
companies can create unique shapes, as well as 
stamp their brand name into the pills. Once the 
tablet is pressed, the upper punch raises and 


Precompression roll 
The precompression rollers 
push down first to remove 





High-speed 
machines use force 
to mould tablets 


the lower punch ejects 

the tablet, which goes downa 

chute to be collected. Each tablet press 
contains numerous individual stations, 
allowing for the production of hundreds of 
thousands of tablets every hour. 


Main compression roll 
Compression rollers increase 
the force of the punches to 





tablet press 


The machine that makes 
your medication 



















excess powder. any air in the granules. fuse the tablet together. 


Upper 
punch 
The upper 
punch moves 
» down to press 
, the tablet and 
up to help 
release it. 


Feeder 
This directs 
the granules 
for the drugs 
into the die. 


ae ae i 


> Ejection 


& = The lower 
punch is 
raised as it 
passes over 
the ejection 
cam, and the 
pill is popped 
out of the die. 


A -_ 








Weight control 
The lower punch can be 
raised or lowered to ensure 
the correct quantity of 
material remains in the die. 


Lower punch 
The lower punch drops 
to create space for the 
granules, and then rises 

to press the tablet. 


Die 
This is the area that 
determines the shape 
and size of the tablet. 
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The Dyson Supersonic has three different 
nozzles, which attach magnetically for 
easy adjustments 
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L IC Balanced = 


The motor is situated 
within the handle, 


Superso 


| covecmaatshtccleelelenmel(stvalsyaeeveclercvent instead of the head, to 


better balance the 


{0} 04 Cars LESM EN Oc] Gxo\(s) UOT DEMON AY(2) OROlaIc}IoA ACCOMM “isttbution of weight 
to be quiet and lightweight 





Digital motor 





yson has applied its engineering Supersonic as quiet as possible. “The sound The motor draws air in 

know-how to reinvent the hair dryer, power from the machine is about 75 decibels, a a handle aa 

and the result is the Dyson Supersonic which is about a quarter of what you would get ieee pee estes 
—anewtype of device that is lighter, quieter from another hair dryer with the same kind of hairdryer motors. 
and better for your hair. The company has performance,” says Kelly. To achieve this, Ei 
invested £50 million ($72 million) into the Dyson used an axial flow impeller, a fan that | (a 
development of the hair dryer, which was draws air in and pushes it out again along one 
designed in a state-of-the-art laboratory axis. This reduces the swirling motion of the air, 1" 
dedicated to studying the science of hair. thereby reducing noise. In addition, by adding 

“When your hair is heated above a certain two extra blades to the impeller, the engineers 





temperature, it will start to changeits structure wereableto push the sound it produced toa 
in a way that can’t be reversed,” says Matt Kelly, frequency that’s inaudible to human ears. 
a mechanical engineer at Dyson. “This happens _ 
above 150 degrees Celsius, but some hair dryers 's hai Quieter 

y) g r y Dyson's atelian tele spent years studying By using 13 impeller 
can get into the region of 200 degrees Celsius, the science of shiny locks blades instead of 11, 
which is far too hot.” At these extreme the frequency of sound 
temperatures, small holes can appear in the | Peete eae ee 

J beyond the audible 
strands and cause light bouncing off of your 
hair to scatter, making it look dull. To protect 
your hair’s natural shine, the Dyson Supersonic 
constantly measures the temperature of the 
air flowing out of the nozzle, and feeds this 
bavioygastshaleyemnen-weeslerae)e)aelercrcic(e) am Wabkcmmal=yel 
controls the level of heat so that it never 
exceeds a certain limit. 
The other major problem with 

conventional hair dryers is the noise they 
produce, so Dyson set out to make the 













| 


Axial flow impeller 
This fan is designed to smooth 


the flow of air so it travels in 
one direction, reducing 
turbulence and therefore noise. 
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DID YOU KNOW? Most hair dryers are tested on pieces of wet cloth, but Dyson used over 1,600 kilometres of real human hair 





Mind-blowing technology — 
The features on board Dyson’s £300 hair dryer ee — 
we il 
Cooler Air multiplier technology je — — 









| An extra, thin layer of air is drawn The circular design draws three wa 
through the outer wall of the nozzle, times as much air into the 
acting as a heat shield so that it machine to create a high velocity 
: never gets too hot to handle. _ jet for fast drying. 
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—_ ——— “Dyson set out to make the 
=== Supersenic.as.quiet as possible” 


; — << Glass bead thermistor _— = 


The temperature of the outgoing = —_ 
airflow changes the voltage passing a 
through the bead, and is measured 


ee times a second. Motor magic 


The reason most hairdryers are bulky and 
Ulatexe)an)ce)a t=] 0) (=m ke mel-\oW ce) au (e)alem ofc) a (ole \-Me) ma laalomis 
loks\ore] Uistom d a(= Wm nal) Ke) ae (om (olor- 121M [am ualsmal=t-len 
making them top heavy. To solve this problem, 
Dyson has created its smallest, lightest digital 
motor yet, the V9. Created by a team of more 
than 15 motor engineers, the V9 is just 27 
Maalllitaatsiaasssm ule (=eers] ale mc) o) [alow mW ROMOlO1@ Mul aa(-som elle 
‘aalinvelncemr-}| (envi ale mien Kome|a-)iVMlamanle)ccW-||ance)ar-manlela= 
powerful performance. 

Its small size means that it can be fitted inside 
iu avom atclale|(=Mevmugtom at-liaelavi-lem ea iarelialemuntcmexslalaa= 
(o) im a at=sstoWes (0Ss=) a KOMYL00] a aY-] alee) aro ani) qom ey-]i-lalexre 
hold. This also means that Dyson has been able 
to make the barrel of the device shorter, enabling 
NVo]U Im Ko ale) (om | umes (os={-) au KOMRY(010] au alcy-[e pu ol Ui mal alem (=so3—) 
strain on your arm. 
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Double-stacked 
heating element 
Microprocessor Two rows of heating 
The thermistor transmits temperature elements sit alongside 
data to the microprocessor so that it each other to boost 
can prevent the heating element from power, while keeping the 
becoming too hot. hairdryer compact. 


James Dyson compares the small V9 
VLMa r-Ioxo)ahY{=)aid(e)al-]Bc)P4-1em pale) ke) 


“ h 
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3D without glasses 


Throw away those specs and immerse 


yourself in a 3D movie at home 


ith more and more 3D content 

heading our way, 3D TVs are the 

latest must-have in home 
entertainment. However, there’s one big 
disadvantage; most people don’t want to weara 
pair of chunky 3D glasses while sitting in their 
living room. Unfortunately, without the glasses, 
the picture is just a blur, as they are needed to 
filter the light that reaches the viewer’s eyes so 
that each one sees a different image. 

Now though, TV manufacturers are 

experimenting with glasses-free 3D, which 


2D viewing 





3D viewing 


gon \ mis \ 


y 






Parallax 
barrier 

AW ey-laic) micr-1N0lalare| 
reNVela) WARS) 8 = ex=16 | 
vertical slits directs 
davow lelnimmige)an 
certain pixels into 
either the viewer's 
left or right eye. 
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uses a technique known as autostereoscopy. A 
parallax barrier is placed in front of the screen 
to direct a different image to each of the 
viewer's eyes. For 2D content, the barrier can be 
deactivated, but at the touch ofa button the 
joyCeimeba=mer-bamelcmect-lo(-miomlvscsvenelelm-lmiolvmeemeel= 
sofa. Normally for this to work, the viewer 
would need to sit in a ‘sweet spot’ directly in 
front of the screen, but software can be used to 
form strips of images, creating additional 
viewing points, so multiple people can enjoy 
the 3D action together. 
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Flat image 

a4 DM anteye (smile lave 

li ce)pal-]|eymaalome)p<e)hs 
on the screen travel 
straight to the 
viewer, so each eye 
sees the same view. 





ual / 





Immersive 
viewing 

With each eye seeing 
a different picture, 
the illusion of depth is 
created in the brain, 
and so the viewer 
sees a 3D image. 
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How juicers 
work 


SWalcpaats(eleveetccusetclmeval 
turn the contents of your 
fruit bowl into a 
refreshing drink 


here are a few different types of 
juicer you can buy for your kitchen. 
Some use a corkscrew-like device to 
squeeze the juice from the fruit, but the most 
common are centrifugal juicers, which work 
dabaelvrcdansjoyuepenberce 

V's otsyomdelemeqebimtcmojelsvelcvemaebaeloecdemmelsmiclcvel 
tube at the top, it falls into a basket, which 
acts as a centrifuge. A centrifuge is any 
machine that spins its contents in one 
(Loyal abelocelersnebeacteim (e)epe-vacommel=me)alcrcwrelepelemnel 
juicers can spin at over 97 kilometres per 
hour. An electric motor spins the basket, 
which has a grater at the bottom to chop the 
fruit into smaller pieces. 

As the fruit spins, inertia and centrifugal 
force push it up against the basket wall, 
which features lots of tiny little holes. The 
Jo)babavnetewontela(eyewceyaecrunelcmecepeslomeneysemael= 
fruit though these holes, and it collects in the 
juice container, ready to drink. Meanwhile, 
id alewacvesrsbeedbercmolenlemicmieyqacromeler-selome(-)muel= 
edges of the basket, where it falls into a waste 
container, ready to be thrown away. 
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eing chased bya herd of hungry rabbits 
sounds like a bizarre dream, butit’s all part 
of the experience for visitors to the small 
Japanese island of Okunoshima. 

Hundreds of bunnies live on the island, but how 
they got there in the first place is amystery. The 
leading theories are that the bunnies’ ancestors 
were escapee lab rabbits from the island’s World 
War II poison gas factory, or they were pet rabbits 
released by schoolchildren in the 1970s. 
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abbit Island . 


Okunoshima, Japan 


With no natural predators on the island, and 
rabbits’ notorious breeding rate, the bunny 
population has boomed. Mature females can 
produce a newlitter of kits every month, and itis 
estimated that in just three years, one mother and 
her offspring can produce 50,000 rabbits. While 
this number seems high, rabbits are top of the 
menu for many predators, and as such up to 80 per 
cent of baby bunnies are usually killed shortly 
after leaving the nest. Without this predator-prey 








Okunoshima is now a popular tourist at 
for those in search of a bunny bu 





balance, Okunoshima has become home to rabbit 
swarms. What’s also unusual is how bold the 
bunnies are. Wild rabbits are typically timid and 
will scamper back to their burrows at the first sign 
ofathreat. Okunoshima’s tame rabbits readily 
chase down visitors for one reason: food. Sucha 
high population means that natural vegetation on 
the island gets eaten up quickly. Tourists bringing 
snacks are just another source of food for these 
fluffy fiends. 
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During WWII, Okunoshima's poison gas factory was so top-secret that the island was removed from maps 




















Cat Islands 


Japan 


Itis estimated that cats outnumber humans bya 
ratio of six-to-one on Aoshima, Japan. These feral 
felines were originally brought to the island to help 
control rodent populations on fishing boats. With 
no predators on the island, and only some ofthe 
cats neutered, the moggy population kept growing. 
Aoshima is one of several ‘Cat Islands’ in Japan. 
Another example is Tashirojima, where cats were 
introduced to protect the island's silk industry. 
Tashirojima’s silkworms were vulnerable to pests 
suchas mice, and cats were very efficient at 
keeping the rodents at bay. Many locals and 
tourists believe that feeding and caring for the cats 
brings good luck, so they are rarely short ofa meal. 
Nicknamed Cat Heaven, 
Ainoshima is another feline- 
flooded island. This name is 
misleading, as the life ofa wild 
island cat is byno means —— ) a e : | 
heavenly. Scientists studyingtheir * = ae ee ep | Rha he Some believe that 
behaviour found that these a | : | we 3 feeding the islands’ cats 
animals are highly territorial, and ae! V4 Beenusgecd focus 
live for just three to five years - 
arounda decade less than their 
domestic counterparts. 


‘These feral felines were 
brought to the island to 
control rodent populations” 


Population peak 
When the hare population 
grows too high, there’s not 
enough food to go around. 





Scientists observed the cats on 
Ainoshima forming gangs 


Snowshoe hare 
~ Canadian lynx 


Hare decline 











140 |__| .>~—_-2r2”0—-2 As the hares run out of food to 
eat, they starve and become 
more vulnerable to predation. 
120 
Prey population 
The snowshoe hare population 
100 * 
a : fluctuates dramatically in each 
fo) veeisivnguraie: : ten-year cycle. 
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Predator population Lynx decline Rising populations S 
Hares form the majority of a The lynx population declines As vegetation grows, so does E 
lynx’s diet, so their population | around two years after the the hare population, providing a 
levels are closely linked. hare’s, as they run out of prey. more food for lynxes. 
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= Visitors to the uninhabited island of Big Major Cay 
[Dy Beach in the Bahamasare met withastrange sight. 
Around 20 pigs live on the beach and are partial to 
T e Bahamas a quick swim around the bay. It is thought that the 
pigs’ ancestors were left on the island by sailors, 
who intended to return and cook them, or 





Monkey mayhem 
New Delhi, India 


Thousands of wild macaques roam the monkeys to the area, which can be 

streets of New Delhi, causing havocas they dangerous as they have been known to bite 
search for food. The problematic primates humans, and many carry rabies. 

trash homes and offices, ride public Delhi officials have come up with an 
transport and have even invaded the city’s innovative solution to help scare the 
parliament buildings. New Delhi's Hindu monkeys off. They employ a team of people 
residents often feed and protect the to shoo the pesky primates away from 
macaques, astheyconsiderthesemonkeys buildings byimpersonating langur 

to be sacred. This encourages more monkeys, which the macaques are afraid of. 


— 
—,T 


| 
ae 





4 





a " New Delhi's expansion has 
___ contributed to its monkey , 
| ti problem by destroying the 
4 : x ~~ macaques’ natural habitat 
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alternatively, that they escaped from a nearby 
shipwreck. Although they are surrounded by salt 
water, there are several freshwater springs on the 
island for them to drink. In recent years, the island 
has become a popular tourist destination for those 
who want to take a dip with these beach Babes. 
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They may look cute, but Delhi's monkeys bit over 1,800 peaple In 2015 















































im (olU X= Wanl(exom o)a=\ae)amual= 
WAU] latsle-le) (Me [gelelaremalst8s 
of Gough Island’s birds 


| 





The remote island is home 
iKoM=lalel-lalelslasvemcict-le) ae 

J olelor (soem [Com ualemalelaualcian 
rockhopper rexevare ella 





Killer mice 


Gough Island, South Atlantic Ocean 


In the middle of the South Atlantic Ocean, 
between Argentina and South Africa, lies 
Gough Island. This British territory and 
World Heritage Site is roughly the size of 
Manhattan, andis one ofthe world’s most 
important seabird colonies. Some 1o million 
birds from over 20 different species — 
including albatrosses, penguins and petrels 
—call the island home. Unfortunately for 
them, house mice were introduced to the 
island in the 19th century. With no predators 
to fall victim to, the mouse population -as 


wellas the size of the mice themselves — has 
grown out of hand. 

There are now almost 2 million mice on 
the island, and they grow 50 per cent bigger 
than the average house mouse. These 
supersized rodents are currently causing 
chaos among the bird populations. Studies 
have shown that the already endangered 
Atlantic petrel is particularly vulnerable. It 
is estimated that each year, nearly 80 per 
cent of petrel chicks are devoured by these 
mega-mice. 


The rats of 
Montecristo 

OM alicmitclitclamisirelalemycls 
'oxe)anley=ve Multan exe) se) a 
pellets in 2012 to 
eradicate black rats. 


Animal planet 


Discover some of the places that 
have been conquered by creatures 


Wild horses 





Assateague Island in 
WaTdelialtemelarem\Ut-lavarelaler 
US, is home to herds 
of feral horses. 


Hawaii, US 


Kauai 


—_—— Bahamas 
Big Major Cay 


Monkey island 


Over 4,000 monkeys live 
(oye m\Vilolaer-lamisir-lalemiamereleiaa) 
(OFT ce) ale OSE 
Controversially, they are 
UisYoYo xe) ama alciel (or-] MUctiNlalen 





Snake island 
ai atom ilaremet-MOle(=)[nat-lel-mele-lale(= 


off the coast of Sao Paulo, 
Brazil, features an estimated 
one snake per square metre. 


— 


South Atlantic 
Gough Island 
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“Supersized rodents are 
currently Causing chaos 
gmong bird populations © 





India 
New Delhi 


Seal island 
Over 60,000 seals seek 
acviUle(-Migelaamual-Melaey-]s 


white shark-infested 
Wife] kslecme) am dalicmicitc|aremalstsla 
Cape Town, South Africa. 


Australia 
Christmas Island 


Ho 


Japan 
Okunoshima, Aoshima, 
Tashirojima, Ainoshima 


Spider island 
Guam, US, has up to 


AO times more 
spiders than its 
ravedie]alexelelalavem i=it-lalelse 
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Why are rain 


clouds grey? 


The reason why overcast days are so dismal 


o understand why clouds can appear 

grey, you first need to know why they also 

appear white. It’s all to do with the 
reflection of light. Clouds are formed when air 
and water vapour near the ground warms up 
and rises. As it gets higher, the water vapour 
condenses, and the droplets join together to form 
clouds. The more condensation there is, the 
more droplets there are and the bigger the 
clouds become. 

When light from the Sun passes through these 

large accumulations of water vapour, the 


Light and clouds rR 


How sunlight changes how 
we see the weather 


Clouds build 


As more water vapour condenses, 
the clouds begin to grow, 
becoming taller and thicker. 





- 


Grey clouds eet 


Less light penetrates Rainfall 

thick clouds, making 

them appear grey J 
Fa 


from underneath. just before it rains. 
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The grey effect intensifies 


as the clouds grow larger, 


croer,_® 


droplets scatter the light in all directions. The 
droplets are small and spread out enough to 
scatter the entire spectrum of light, which 
means that they appear white. 

As more water droplets gather and the clouds 
grow larger, less light is able to penetrate 
through the cloud. What we see from the ground 
appears grey because less light is being 
scattered to our eyes. As the water droplets 
within the cloud get larger, this effect is 
enhanced, which is why clouds appear much 
darker just before it rains. 


“ 


| 


Sunlight 
Light from the 
Sun shines into 
the cloud, which 
is formed as 
water vapour 
cools and 
condenses. 


s Reflection 
The small droplets 
that first form a cloud 
reflect the entire 
spectrum of light, 
making it look white. 


we 
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The symbiotic relationship between figs and fig wasps has existed virtually unchanged for 34 million years 





Figs and their wasps 


Explore this curious, co-dependent relationship, and 
see why each species can't exist without the other 


igs are full of fibre, a great source of 

vitamins, and packed with nutrients such 

as copper, manganese and potassium. 
They also contain digested wasp bodies, thanks 
to anincredible, mutually dependent 
relationship between figs and fig wasps, which 
has evolved over millions of years and is vital to 
the survival of both. 

Each species of wasp targets a specific species 
of fig, and the relationship is based upon the fact 
that female wasps need a safe place to lay eggs, 
and fig trees must be pollinated to reproduce. 

A female fig wasp will enter the fruit and lay 
her eggs inside, depositing pollen from another 
fig. The fig is now fertilised and starts to mature. 
However, the process of entering the fruit tears 












Wasp enters 
A female wasp, laden 
with pollen, enters the 
inside of an unripe fig 
via an opening called 
the ostiole. 


Larvae re 


the female’s wings off, so she is unable to leave 
again, and dies inside the fig soon after. 

Wasp eggs develop as the fig matures, and the 
males hatch first. While still inside the fig, they 
fertilise the females, dig escape tunnels for the 
ladies and then die. The female hatchlings exit 
through the tunnels, carrying the fig’s pollen. 
They then take to the skies and find another fig 
plant to enter and lay eggs in. It’s like the pollen 
is the currency, the fig is the private maternity 
ward, and the wasp is the paying guest. 

You may be worrying that all this wasp death 
means you are munching on dead insect bodies 
as you eat a fig, but actually the remains are 
quickly broken down by enzymes within the 
fruit. The crunchy bits are just seeds! 


The symbiotic cycle 


How wasps can make figs flourish, 
and get a breeding ground in return 





fo-$—_ Repeat 
T 


he female wasp, 
carrying pollen, 
looks for another 
























. The inside of the fig 
Flowers that contain wasp (syconium) contains male 
larvae form galls. Flowers and female flowers. The 
that were pollinated female wasp lays her eggs 
produce fig seeds. here and dies shortly after. 


/ 
kL ; 
fig plant in which 
to lay her eggs and 


continue the cycle. 






____. 
Escape 


Female wasps collect pollen 
from the mature male 
flowers in the ripe fig, and 

. s leave via the tunnels. 


Hatching 
Male wasps are the first to 
hatch as the fig matures. 
They leave their galls and 


fertilise the females. Tunnels 


The wingless male wasps 
dig escape tunnels for 
females. They then die, 
and fig enzymes digest 
their remains. 








Figs ripen on the 
branch once they 
have been pollinated 
internally by fig wasps 


Flower maturity 
The male flowers within the fig have matured and produced 
pollen by the time the fertilised female wasps emerge. 
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[4 
5 ITheegg 
Get to grips with egg development, 
ie from ovulating avian to hatching hen 
[=] [=] i 








Size doesn’t matter 

The largest egg in the world is laid 
by one of the biggest birds: the 
ostrich. But small birds can lay large 
eggs too. The kiwi’s egg is around 
20 per cent of its body weight, 
compared to two per cent in both an 





Kiwi egg Chicken egg ostrich and a chicken. 
‘ ‘ Ovules 
Unscramble the fascinating ac One ovule (egg yolk) is 
ele . . * | released from the hen’s 
fertilisation process of bird eggs ovary every 26 hours, 
but it will only be 

hether you boil them, and continues to travel through fertilised if the hen has 

scramblethemorwhip — thehen’sreproductive tract. The mated with a rooster. 

them into a prize- white of the egg is comprised of 


winning soufflé, eggs are one of 
the most versatile ingredients in 
the kitchen. But have you ever 


various different layers of 
albumin, structural fibres and 
membrane, which surround the 


‘ Descent 
| The ovule then 


travels down the 





wondered about the ones that yolk as it travels through. Finally, > nue : mn = 
don’t makeit ontothe plate?These theeggsare ‘shelled’ and laid by form the egg white. 
little capsules happen to be some the hen usually 24 hours later. 
of the most wondrous thingsin the The fertilised yolk contains all of | 
natural world! the genetic information needed to 

Isthmus 


create a newborn chick. To 
support the chick’s development, } 
eggs are high in fat and protein 4 


Laid by birds and reptiles, and 
sporting all shapes and sizes, each 
ege hasasimilarmakeup-a 


The ovule reaches a part 
of the oviduct called the 
isthmus, which is where 

the shell membranes 


Fertilised egg 


The embryo begins to develop 


brittle shell protects a gloopy inner 
of the familiar ‘yolk’ and ‘white’. 
The yolk is released as the chicken 
ovulates; it can then be fertilised, 


—the more fat in the yolk, the 
darker the colour. Read on to find 
out about the development from 
fertilised egg to chick. 


form around the yolk 
and white. 


at one side of the yolk - this is 
held in place in the centre of the 
egg white by a protein cord called 
the chalaza. 


‘The fertilised yolk | 
contains all of the genetic 
Information needed” 


Cloaca 

The egg is laid. The 
whole process takes 
around 26 hours, anda 
chicken can ovulate 
again after 60 minutes. 


Uterus 

The developing egg spends 
around 20 hours in the uterus. 
Here, the calcium carbonate 
: shell hardens and any colour 







pigments are deposited. 
American 


supermarket eggs 
are often white 
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The egg came first! Chickens are descended from dinosaurs, who were Iqying eggs before chickens evolved 


i : bh | 
~~, yANa K=Vabzel-\Vare) (6 & 
lf. | fe 


domestic 
chicken inside 
elamstele] 







a 14 to 17 days’ 
PN incubation 
The embryo now fully 
resembles a chick, 
down has covered its 
body, and days 15 and 
16 are spent growing. By 
day 17, the egg white is 
used up, and the chick 
starts to get into 
hatching position. 


’ a 













Head 
rotates 
upwards 





Three days’ Nine to eleven 
incubation days’ incubation 
Blood vessels are present, The embryo’s neck has Egg tooth 
and the embryo has a lengthened and its brain is 
heartbeat. After five days, developing. Claws, legs and 
there is substantial growth — wings begin to show and 
and the tiny chick has an lengthen, and there are also 
eye. The embryo feeds on feather follicles forming as 
nutrients from the yolk more blood vessels draw 
through the blood vessels. sustenance from the yolk. Cramped 
position 
Shape 


Eggs are advantageously oval-shaped. They 

are easier for birds to lay, fit snugly into a 

nest, and they roll in a circle. Spherical eggs (which 
are laid by owls and 


woodpeckers) are better 
at conserving heat. 
Seabirds nesting on cliffs 
often lay conical eggs - Hatching 


they roll in a tight circle to After 20 days, the 


Oval is the most better avoid edges. 
common shape. 





white and yolk have 
been absorbed and the 
chick is fully formed. It 
has rotated within the 
egg so that it can break 
the shell using its egg 
tooth - the hardened 
end of its tiny beak. 














Colour and 
texture 

Disguising eggs from 
hunters is key to 
survival. Texture and 
colour can tailor an 
egg to a bird’s 
surroundings. 





Speckled Egg white ~ Yolk absorbs 
egg disappears into the body 





The StarChip will be accelerated by 
lasers to 20 per cent the speed of light 
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SPACE TR 


jWel=Decivlindachelntejenrole)itsume)ae)(cemestcenercaurs 
further into space than ever before 





o date, we’ve done a pretty good job of 

exploring the Solar System. But in our 

halfa century or so as aspace-faring 
species, we have not yet truly ventured to any of 
the 100 billion stars in our own galaxy, or 
beyond. In 20 years, though, that could all be 
set to change. 

On 12 April 2016, Russian billionaire Yuri 
Milner announced an.ambitious project as joxchal 
of the Breakthrough Initiatives to send a series 
of small spacecraft to the nearest stars to our 
own Sun, the Alpha Centauri system. And he 
wasn't alone; alongside him at this 
announcement were respected scientists, 
including Stephen Hawking and Kip Thorne, 
who have all signed up to help with the project. 
ad Wale ohebestsbeucine) ava lone) e(cme)mcsact- 1m (2-) osspamst-B(el 
Milner. “55 years ago, Yuri Gagarin became the 
first human in space. Today, we are preparing 
for the next great leap - to the stars.” 

So, what’s it all about? The project is known 
as Breakthrough Starshot, and it is utilising an 
oft-touted — but little explored - technique 
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known as laser sails to reach tremendous 
speeds, and make a trip to another star possible 
in as little as a generation. 

You've probably heard of solarsails before. 
These are sheets of thin material that expand to 
massive sizes in space. Like a wind sail on 
Earth, these sails then pick up speed not from 
regular wind, but solar wind, the stream of 
particles given offbyourSun.Therateof 
acceleration is very slow but over time, a 
spacecraft could theoretically reacha 
significant fraction of the speed of light. 

This proposal is slightly different, though. 
Instead of using solar wind, the team is 
proposing to fire giant lasers on Earth at 
sail-mounted spacecraft. These spacecraft, 
known as a StarChips, would have several 
instruments packed into them, but be small 
enough to fit on the palm of your hand, thanks 
to huge advances in techology. The sail itself 
would be larger, spanning a metre, although 
just afew hundred atoms thick. Theoretically, 
shining.a 100-gigawatt laser on one of the sails 





should accelerate the spacecraft to 20 per cent 
of the speed of light - or 216 million kilometres 
per hour -in minutes. 

At these speeds, traversing the Solar System 
would bea breeze. In hours, the spacecraft 
would reach Mars, a journey that takes.several . 
months for conventional spacecraft powered by 
chemical fuels. In three days, it would reach 
Pluto, which took New Horizons almost ten 
years to reach. Most importantly, in 20 years, 
the spacecraft would reach Alpha Centauri, 4.37 
light years (40 trillion kilometres) away. 


Alpha Centauri’s three stars are the 
closest to our Sun 
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DID YOU KNOW? The furthest spacecraft from Earth, NASA’s Voyager 1, would take 73,000 years to reach Alpha Centauri 





One of the main reasons for going to Alpha 7 
Centauri - which is actually a triple system Sailing to 
made of three stars — is that it’s the closest star the sta rs 


system to.our Sun. We now think that almost To travel at high speeds | 










every star plays host to at least one planet, and Breakthrough Starshot’s nanocrafts 
Ni olatcmQsyeieclevee-Vase- bere menclelelellemelepere) will be propelled by a powerful laser 
: ~ (oJ all =t-] uae =t-[e1g mele] (em ol-e-meial|® 
exception. The goal of the mission would be to weighing just one gram, with 
study these planets, returning images and ofoaaaalelalcorsiaie)arcemerslaatcleiow-lale ire) 
joyalacytcticnellecWiop ot-bad eM O)n\abel-acohael-Mebte-belacy battery built in. But expanding from 
he ‘ : ual cmuvele] (eM oleW-Ml-]ge[s)amct-]| Bs ey-lalaliare| 
this information - travelling at the speed of a metre. An array of lasers on Earth 
light - would take 4.37 years to make it back. But MWVcole](e Bo allat=Mr-Mexoyanle)iai=vo ml l@)@ 
a total of less than 25 years for such data is gigawatts on the spacecraft. Each 
: s aeom of ae one would accelerate 60,000 times 
pittance, considering the implications. faster than Earth’s gravity, reaching 
“Earth is a wonderful place, butitmightnot- — |) 20 percent of the speed of light in Yuri Milner (third from left) and 
last forever,” Stephen Hawking said ina | just two minutes. At these speeds Otis: "Sees ese ote Ben v 
{ . the journey to Alpha Centauri, just Hawking (front centre), announcing ~ 
statement from Breakthrough Starshot. Sooner over four light years away, would Breakthrough Starshot_. : yee 
or later, we must look to the stars. Breakthrough take 20 years. ————— ) ang gee 


Starshot is avery exciting first step on that 
journey.” So far, so good. But this is just 


scratching the surface of the technical How rs | laser : Laser 
challenge of this hugely ambitious project. sa | works : mn ee ae ae 

‘We've never sent a spacecraft beyond 240,000 100 gigawatts. 
kilometres per hour before; the StarChip would 

- travel almost 1,000 times faster. There will bea 
huge number of unknowns of accelerating to 
and travelling at these speeds. How the 
spacecraft will hold itself together during the 
intense acceleration phase, and how it will 
(efopasbeclopeblerchncmrvsineWar-Daneu-lmcsccr-lmentsr-elacioe 
will also need to be resolved. 

Breakthrough Starshot, therefore, is a bid to 
overcome such hurdles. Milner is investing $100 
saaUeLoyamoymebtcnenuiselesloyelcnvamolvimelcwacr-leRUkvaclopesbuns 
that this is merely seed funding. The final cost 
of the mission could spiral into the billions of 
Ko) NE Dacper-belom elcmtswaleyeynaremceymaunalonbalmeneveen.| 


The science behind using lasers 
to reach incredible speeds 


Direction 
The laser will be directed at the 
ro) f=] 0 @1a1] Olam st-ladane)ae)im 





number of sources in order to support the 
project. As such, there is no definitive launch Propulsion : 


date yet, although sometimeinthenext couple As the laser hits the sail, it 
ge] aciiclecmiecm ance)aatcalae leak 


(ey ime (axereXo (stow icpalejmopelmebeelce-le)ion 
fore] UKsiI ale mel ecer=)(=1¢-10 (0) ap 


One way to overcome some of the challenges 
facing the project will be to send not just one 


res: 7 Speed 
spacecraft, but to launch a ‘mothership’ with Continued firing of the laser over several minutes 
thousands of StarChips on board. All of them increases the speed to 20 per cent that of light. 


_ Exploring space 
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Warp travel Nuclear power Slow and steady ie 
Some theories suggest it may be possible to ‘warp’ Launching a spacecraft with nuclear reactors would Instead of fast travel, we could send a é 
space time, allowing us to travel huge distances ina give it a lengthy source of fuel, allowing it to fore) (o) ahve) malelant-lalsmelam-mme(slal-)e-10(e)amoial/ oe at 
short amount of time. This is mostly science fiction at accelerate and decelerate constantly to reach far-off with them travelling for hundreds of years 5 
the moment, though. destinations, but safety is a concern. towards a new world. © 
jaa) 
e) 
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Breakthrough Starshot timeline 


Here’s how the spacecraft will make their way beyond the Solar System 


The Moon 
It will take the StarChips 
less than a minute to 
reach the Moon. 


10: AU 





PANS (alge) (eM ol) 15 


Mars 
After an hour, the swarm 
of spacecraft will make 
their way past the Red 
waked alcimecwe) ae) 1m 


Taleyerinelitele 
Within a matter of days, the 
spacecraft will pass beyond the 
Sun’s influence, and become 
true interstellar travellers. 





10* AU 


Kuiper belt Voyager 2 


— 


Voyager 1 
Once they pass Voyager 1 at 20 
billion kilometres, the StarChips 
will become the most distant 
ra atel ata ante(e(ome)e)(-\e1ncn 


a 


Blaanliarclecelemoialeres .4 


AU = Astronomical Unit, the distance between Earth and the Sun 


would be released in orbit, where the powerful 
Earth-based laser would shine upon them, 
firing them offin the direction of Alpha 
Centauri. Think of this mission not as a single 
man-made vehicle making a lonely journey, but 
an entire fleet venturing off into the cosmos. 

If it works, this form of propulsion could 
prove invaluable. Not only would it let us reach 
Alpha Centauri in 20 years, but it would also let 
UTSM=p.¢ 0) Loycemelcrsim eats 1eloyelsnel (osc) ake aleyeatemmciel@lelrcls 
the Moon and Mars, ina tiny fraction of the 
time that is currently possible. Imagine if, ona 
regular basis, scientific organisations from 
around the world could send their own 
prospecting spacecraft to places all over the 
Solar System, letting us frequently explore 
worlds closer to home, rather than sending a 
mission every few years or So. 

Once the spacecraft reached Alpha Centauri, 
they would not stay for long. Owing to the 
method of travel, this would very much bea 
one-way trip. The spacecraft would merely fly 
by any worlds we discover, snapping as many 
images as possible and gathering data. They 
may also collect information on the 
Fe1paeleysyoyale) eceneoyashelessvim(e)ameymuelcme)t-belcuncmmaelsyne 
temperature, their rotation rate, and so on. 
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As for Alpha Centauri itself, the system may 
hold invaluable secrets. At the moment, we're 
not actually sure if any of the three stars host 
planets. Previous detections have since been 
ruled uncertain. But it’s fair to assume there 
are probably some planets in orbit, considering 
two of the stars are similar to our Sun. We know 
EUURsiecbacwlevesemben- Melle) etcmeymelvrcim.belemex-topre! 
planetary disc, which often gives rise to 


A giant array on Earth 
will fire a 100-gigawatt 
laser at the StarChip 





Interstellar wind 
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Interstellar wind 
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Jo) Echols) nou hmecp ole) olavo ma elcucr-BessMuVeles(omol-mpauleneyi 
Alpha Centauri. 

NaVieCcU Nay Ar-toupqeyeloyentcvacmetclomuclourcdelmuer-te 
there was a planet orbiting in the desirable 
Jaks le)ur-lo)(=WAe)elsmeymeyelsmeymaelcucik-BacpwaUle) etc! 
Centauri B, an orbital position that is not too 
JaXo}mp aXe) ennole neo) lo Mmrisal-yacm ele LUR(omntc-Ine) mise-le)(-mne) 
form on the surface. The nature of whatever 
planets are there still remains uncertain, but 
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The first planet outside the Solar System was not discovered until 19ge, but thousands have been found since 
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Deep space Phone home , @] om} =o (233 
j INYoWYar=l ai eo) a] ale mUlaleiat-lauclaclemuclaqinel ava ‘OTalor=Mel-1t- mere) (-einsvo mals Space is so vast that, throughout 
——t the StarChips could provide will be sent back home at the journey, there are unlikely to be . — 
* — information on the characteristics idaloms) olso\e Me) mile] siemre].¢lale any obstacles in the way. « > “ss 
of ihterstellar space. 4.37 years to reach us. 7 th 
eee = a . | 
r . + a" s 
ee 7 ' a 
; Beyond _ 
. After the flyby, the’ _ 
: e _ spacecraft will be 
| 7 h | left to drift endlessly 
i INTERSTELLAR MEDIUM ts 
. ? ie Local Interstellar G Cloud ‘ | ae 
| , Rertt: ; 
ee ee ee Ce a a kp 
= . A ve 
10* AU 
—_— - . Alpha Centauri 
° After 20 years, the 
° spacecraft will reach 
. the Alpha Centauri The StarChip is small enough to fit [aR 
; ~ system and begin between finger and thumb Z 
———_—_————_ = : 
> = aaclimanliscielas 
Oort Cloud 
It will take more than five years . , ™ 
to exit the Oort Cloud, the ' - 
LL cake] (oa Mey mexe)ani=1eceolUlagelelarellare) 
- our Solar System. 
* 
aan 
idalcmelatcbalecrcuaetclmeyelcmasbtcdelmelcMet-le)ia-le)(-e-na= a S ooner.or | g t er E 
indeed fascinating. | ’ A 
. to) 
For decades now, we have been looking for VAVA =a lust | OO k = 
worlds beyond our own that are Earth-like; that t 0 t A Pe sta rs Wu g 
is, they have the necessary conditions to host , a 
“ — Stephen Hawking © 
life. After all, we are just one planet orbiting one 










of 100 billion stars in one of 100 billion galaxies. 
It seems unlikely that ours is the only planet 
teeming with life. But so far, finding planets 
exactly like our own has been difficult, owing 
to the limited methods of detection we 
currently employ. However, if we could send 

Jo) do) olarsmKOe-MoLelncvelat-earmet-leie-le)(cmnievelou-baeleperel 
Alpha Centauri, we may be able to discover if 
our planet really is unique - or if there are many 
others like it. Imagine images being returned of 
a glorious alien world abundant in water, 
clouds or perhaps even vegetation. Sucha 
ohEeCOni(cJaranelecomalenelovlolmelet-belxomebccneemar- vane) 
forever, with untold money being pumped into 
missions to find more worlds like our own - and 
even visit them. 

For now, the project is in its infancy, and 
these dreams are at least 40 years away. But 
perhaps we'll soon make the first steps to 
becoming a truly interstellar species, and 
discover our place among the stars. 


hs. 
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It’s quite likel y there ar 
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Fal 9 ket | a rt 
aiCcon rocKet i. 


to carry the Dragon or 
satellite to orbit. 

By safely returning a vessel to 

Earth, SpaceX could cut the 
















cost of trips to space 
ra Re-entry burn 
Separation , Back-flip | As it descends 
Around three & Using thruster | back to Earth, the 
minutes into the 1 engines, the first first stage fires its 


engines at hypersonic 
speeds to slow down, 
and its grid fins 
fine-tune its trajectory. 


__ 


stage back-flips 
before being directed 
back towards Earth. 


flight, the first and 
second stages of 
Falcon 9 separate. 
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Landing burn 

When approaching the 
landing pad, the rocket 
fires its engines once more 
to steady the descent. 






| Touchdown 

The vehicle’s 
legs are deployed 
just before landing. 
If all goes to plan, 
the rocket touches 
down upright on the 
landing pad of a 
drone ship. 



















Liftoff , | 
Falcon 9 launches from ! 

Earth, carrying its cargo, ; 
which may be the Dragon 
capsule or a satellite. 











Searching for super-Earths 


There are rocky planets bigger and more massive than Earth orbiting 
stars many light years away, but why do we seek them out? 


ver the last decade or so, astronomers 

have discovered that there are rocky 

planets up to ten times more massive 
than Earth orbiting other stars. They call them 
‘super-Earths’, although that can be misleading 
as they may look nothing like our planet at all. 
They are, however, the easiest rocky exoplanets 
that scientists can detect. Their hefty mass 
means their gravity causes stars to wobble toa 
greater extent, giving away their presence, 
while their large diameter causes a dip in 
brightness when they are seen transiting across 
the face of their star. 
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Could they support life? It’s possible -some 
super-Earths have been found in the habitable 
zones of stars, where the temperature would 
allow liquid water to exist. The conditions 
wouldn't be the same as on Earth, however, as 
surface gravity would be stronger, the geological 
activity may be different and the atmospheres 
are often found to be thick, which makes it 
easier to study the gases present. Above all, 
astronomers are invested in the search for 
super-Earths because we have none in our Solar 
System. That means they are among the most 
alien of planets we have discovered so far. 


An artist’s impression of a super-Earth (right) in the 
'ave]e)|t-] 0) (2040) a(= Me) mr-e~) -] eee) an) ey-]q-\om com at-] adem (-189) 
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DID YOU KNOW? Jupiter's Great Red Spot ts shrinking. In the late 1800s It was 41,000km wide, but today It is only 16,500km across 





The Juno 
spacecraft 


Take a tour of the 
probe’s scientific kit 


| 
— JunoCam 


=~ 





Journey 


| Images will be captu 
__ visible-light camera. It will only 
operate for seven orbits before 
radiation causes irreparable damage. 


— Ultraviolet imager 
Jupiter’s brilliant aurorae shine in 
Uli dg-WVA eo) (o1mml atsinct-leReymursiie) (emi elnie 
il <oMe) au ote lanamerelalemualcmlaciuaelantsais 
will be able to see them. 


Solar panels 


distance from the Sun. 





red using this 


to Jupiter 


The secrets of the king of the Solar System are about 
to come under the scrutiny of a bold new mission 


ASA’s Juno spacecraft has been racing 
towards Jupiter at 97,000 kilometres per 
hour since leaving Earth in 2011. When it 
arrives on 4 July 2016 it will have travelled 2.8 
billion kilometres, setting the record for the most 
distance a solar-powered probe has ever flown. 
Jupiter is the largest planet in the Solar System, 
spanning 143,000 kilometres across and 
weighing in at 318 times more than Earth. It’sa 
gas giant, which means it’s mostly made of 
hydrogen and helium gas, and its appearance is 
famous for the stripes of creamy white, orange 
and brown. The biggest cloud pattern is the Great 
Red Spot, a huge anticyclonic storm that’s big 
enough to fit our entire planet inside! 
What lies deep within Jupiter’s core is stilla 
mystery, however. What does its gaseous 
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composition tell us about the materials that went 
into its creation? Does the atmosphere contain 
water, and what lurks beneath the cloud tops? 
Juno will attempt to unravel these mysteries, 
while also going where no other spacecraft has 
gone before by flying close over the poles of 
Jupiter. Here, it will be able to observe the 
oEVrAnbetemaleyadelcvgee-velonceleinel-)eauercdolece- salem (crebae! 
how they are created by the planet’s magnetic 
field. Incidentally, that’s what inspired Juno’s 
name: JUpiter Near-polar Orbiter. 

The spacecraft will have two years to unlock 
secrets of the giant planet before it runs out of 
fuel and is sent hurtling into Jupiter itself. This is 
to avoid crashing into Jupiter’s moon Europa, 
where it could contaminate any alien life that 
aatchvabelet-loylmaal=wesleleyeusmonelel-vecanelbeslemelacr-bam 


There are three solar panels, large 
_ enough to generate enough power 
while operating at such a great 






















WW Fevelatcinejaatsincye 

Jupiter has the biggest, most powerful 
‘a atele]al-\a(om ii) (eMeo)mr-]|Mmuavew e)f-lal-lacm-lalemual= 
‘aaele}a\sinolansixo) madi im ©)ae)’4(e(=m pate] osm-] ale! 
measurements of it. 





Jovian Energetic particle 
Detector Instrument QGEDI) 

[Ul e)ix=lascmaat-lelalsli(omulel(e mugs] ecm lelume) i 
high-energy charged particles that JEDI 
will be able to measure. 


How to builda 
giant planet 


O]UTmeslel ace) gaal=\eW-orom e)||ife)nm\ist-lasm-le(emiaelanl- 

(el Fel al iaexe) it-] os) ] ale mes (el0(e Meyime|-lo¥-]a (ome 0 \cicmm Nal= 
Keyane)Vie) goo) mm tal iomel-low-lale mel Ulam ie) gaal-\em-B)e)ialaliale 
(o | Xomr=]ge)0l ale ma a(om ef-]e)/arl0 | alr-) ale ms at-(emcvele) am cela natsve| 
i al0 lanl o>) are)am ©) i-]ais) ecm aalele)alcpmere)aal=1ecw-]ale| 
asteroids, too. Scientists, however, don’t know 
aale(oiamanve)q=me(=it-]]muat-lamanlicw-|aremaal-] Mom arels 
Juno has been sent to find out. 

The secret to the birth of the Solar System 
tetsu (2\=) om olelalcr-1damualMeinlelgaliave me (ele lehmei 
Jupiter’s atmosphere, within its planetary core. 
One scenario about how it formed is that 
originally Jupiter was a giant rocky planet ten 
times more massive than Earth, which formed 
from a swarm of icy ‘planetesimals’ - objects 
formed from dust, rock and other materials - 
that came together under gravitation to 
create a planet. This was then able to sweep 
yom t<]ae(sw-]anle)0/alacme) mer- lcm (=) i mke)V(>) ani ge)aamaal= 
10) adame) mu alswolel amen ols\ero)an(-Mmual=Me)(ele(stci mere ls 
giant in the Solar System. 

An alternative theory is that Jupiter never 
ave le mr< im color ,QVmexe a=W] ale [alcincr-(emere)ale(=)alci-le Mele] me) i 
gas like the Sun did. By carefully measuring 
BU) e)in=lascm parle |alcid(om-lale mel e-\aie-)a(e)al-] mal-l(e (sem lelale 
will be able to assess whether it has the 
ae) aalatelAlecMe) Mrs Rele1.@’ mere) a-Me) au alelar-|aveme(=1k=) aanllal= 
which scenario is correct. If Jupiter does have a 
rocky core, then it means that the planetesimal 
theory is likely, and planetesimals can then be 
Uis{=te Mm Kom=.40)[-]lamualomie)aant-ia(e)ame)meldal=)ame)l-]aclae 
Tater [Ufellavemelel ae i'0F 





If we could cut Jupiter in half, would we find a 
Wee] 910) aisi=1e Ml color Vmexe) a= Me (=\-) om Ul ale(=\aalst-]damaalsmel-W¥¢ 


© NASA/JPL-Caltech 


How It Works | 075 





ill SPACE 


On board th 
SpaceShipITwe 


Could this be the vehicle that will take you to space? 


irgin Galactic’s reusable spaceplane, 

SpaceShipTwo, is designed to take two 

pilots and six passengers on the trip ofa 
lifetime. Made by The Spaceship Company, part 
of Virgin Galactic, this vessel will be carried 
Jabted ew bolnone elce-1meeXe)s]oel-yacmehvan elem (cicgelenuucvaciel 
aircraft WhiteKnightTwo, before engaging its 
rocket engines for a brief trip out of this world. 

With 12 windows on the walls and ceiling to 
marvel at the view, and articulated seats for 
optimum journey comfort, it has been designed 
specifically with space tourism in mind. 
Passengers will be able to look up at the stars 
and downat the Earth below duringa 
controlled flight in a spaceship that looks likea 
plane. After their adventure, they will glide 
back through the atmosphere, before landing 
ona runway. 
The first SpaceShipTwo prototype broke 

apart over the Mojave Desert in California 
hobo batce- mast] mintcdelmuaemxeye/mmolermiabacsbener-0t-laalents 
determined to make the project a success. The 
second iteration of the craft was officially 
unveiled by Richard Branson on 19 February 
2016, and has been named VSS Unity. Virgin 
Galactic is paying close attention to safety, 


Inside VSS Unity 


a] ,(ow- es (oS-1=) am (ole) @- 18 
Virgin Galactic’s 
passenger spaceplane 





Thrusters 
Positioned at the front of the 
spaceplane and on the wings, 
1a) aU loiu=l em ©) ge)Vi(e(2m-le (ella e)ar-] 
foxoyaige)mel6lalate mille |ayen 
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Fuselage 
Ai avou elele \var-lalem areys\oe) mania) 
plane are constructed 
ice)gaer-|4ele)amilela=e 














commenting ina statement: “Starting at the 
level of individual pieces and components, we 
poked, prodded, stretched, squeezed, bent and 
twisted everything used to build these 
vehicles.” The next step is to test the fully 
assembled spacecraft, first on the ground, then 
during glide flights, and finally in rocket- 
powered tests. 

When it is ready, VSS Unity should achieve 
altitudes of over 80 kilometres — high enough 
that any passengers will officially be 
recognised as astronauts by NASA - and could 
even reach altitudes of 110 kilometres. However, 
it will be some time before we see the first brave 
passengers take to the skies. Virgin Galactic 
explains: “As a thousand-year-old saying goes, 
there is no easy way from the Earth to the stars. 
But finally, there is a way, and through steady 
testing, we will find it.” 


ah al-milecien ele \c-)accemille lame) 
VSS Enterprise shows the 
spaceplane in action 






























Windows 
There are 12 windows 
Tamaarcmct(e(stow-lale me) a 
the ceiling of the 
craft, allowing 
unprecedented views. 





Cockpit 
Two pilots fly the 
(olg- MUTA ep Mexe)alage) 
panel in the cockpit. 


Passenger cabin 
SpaceShipTwo has been 
designed with the 
passenger’s experience in 
faaliavemmr-liaaliaremeemnalialiaalisxs 
the discomfort of G-forces. 


Articulated seats 
The passenger seats are 
Uye)alelnjmel 0] alate m-soyer>) a) mmr] ale! 


iccteillatclemelUlalalemactrclaliaya Thrusters 
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DID YOU KNOW? There has only been one eight-person crew in space before, on board NASA's Space Shuttle Challenger 


VSS Enterprise crash 


After 55 successful test flights, the first SpaceShipTwo, VSS 
Enterprise, broke apart over the Mojave Desert in California, killing 
co-pilot Michael Alsbury. SpaceShipTwo is equipped with a 
‘feathering system’, designed to rotate the tail and wings for a 
smooth descent through Earth’s atmosphere, but Alsbury unlocked 
it too early. With the rocket engine still firing, and with VSS 
Enterprise travelling at a little under the speed of sound, the 
feather system deployed, pulling the spaceplane apart. The other 
co-pilot, Peter Siebold, managed to parachute to safety. However, 
the computer system should have prevented the disaster, and it 
has been changed for the new SpaceShipTwo. This time, it will not 
be possible for the crew to unlock the feather system too soon. 





Fuel 
The VSS Unity will use a 
rubber-based, solid fuel, 
faatel.diave exe) galelelsiule)al 
more efficient. 





Standard 
foxeyalae[elecitcela 
SpaceShipTwo can adopt 
lay one |iaiciaslaimecelalalele|e-lu(e)aloe 
ol=lar-hVdlalem [come Mud lale (axe ©) t-]als 
(o) ar- Mer] o)=10) (2 





Nitrous 
oxide tank 
ai avemave)ale sxe) |(em-lare! 
fee [Ul(e Mabl=\melaleliaremer-]al 
oemsja elmo le)VZamelel alate! 
the flight. 


“We poked, prodded, 
stretched, squeezed, bent 
ond twisted everything © 
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Viige]iamet-)f-\eat(e 
hopes to take 
tourists on short 
trips to space 


Ul ey e-]geksmelUldlalemactrlaliaya 





Flying 
high 


See how 
SpaceShipTwo 
compares to other 
high fliers 


SpaceShipOne 
112km 


——_ 
<a — 


SpaceShipTwo 
110km 


Feathered 
roxeyalalelele-iaceyal 
The wings move 


slowing descent. 


Highest manned 
balloon 
41km 


SR-71 Blackbird 
26km 
———S— = _| 


Concorde 
18km 


cee Oy 


mabe m | 
m 
| 


Ruppell’s KC-135A 


‘Vomit- 
Comet’ 
10km 


griffon 
vulture 
likm 
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© Virgin Galactic; Illustration by Adrian Mann 








Greg Jenner is the historical consultant 
for BBC’s Horrible Histories 


Dressing up is all part of the fun for the 
Horrible Histories team 


eS, 
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The BBC sketch show’s chief nerd separates fact from 
fiction and shares his favourite revolting stories 


rom ghastly murders to disgusting 

diseases, children’s TV series Horrible 

Histories features some of the most grisly 
moments from history, and every single one of 
them actually happened. We know this 
because, as a historical consultant for the show, 
self-confessed history nerd Greg Jenner is in 
charge of all the facts, and he considers himself 
a bit of a pedant when it comes to accuracy. 

His love of teaching the public about the 
real-life stories behind historical dramas has 
gained him over 25,000 followers on Twitter and 
now he has written his first book about the 
history of everyday life. A Million Years In A Day 
explores the evolution of our daily routines, 
from the moment we wake up to when we climb 
into bed. We interrupted Jenner’s daily routine 
to talk about his personal history highlights, 
from being smeared in poo to playing a 
photogenic corpse. 


As ahistorical consultant, do you get 
annoyed by historical inaccuracies in TV 
shows and movies? 

I don’t actually think it’s their job to be 
accurate. It’s lovely when they try, but that’s not 
what they’re there for. They are meant to be 
entertaining, so that’s why I think it’s 
important that historians tell people after the 
show has gone out what is true and what isn't. 
My one bugbear though, the thing that people 
laugh at me for, is Viking helmets with horns on 
them. That’s the one thing I always get angry 
about because it’s a total myth, but everywhere 
you go you see the Viking horns and that makes 
me quite upset. 


What’s your favourite history myth? 

The most common one is that medieval people 
were covered in filth all the time, that they were 
just smeared in goat poo, and didn’t wash and 
had horrible teeth, but actually that’s not really 
true. In the Middle Ages people washed quite a 


of some horrible diseases, but they weren't 
constantly smeared in poo and actually they 
had quite good teeth in the Middle Ages, 
because there wasn’t really any sugar in their 
diet. It’s not until the 18th century that teeth 
became awful because people were drinking 
lots of sugar in their tea. 


Which historical mystery would you most 
like to see solved? 

The classic is Atlantis, which is probably a 
myth, but if they found that it would be lovely. It 
would also be great to know more about 
William Shakespeare. He was such an amazing 
writer and yet we know So little about him, so it 
would be amazing to find Shakespeare's diary 
or something. 


You have had a few cameos in Horrible 
Histories - which character has been the 
most fun to play? 

Basically I look like a peasant so I'm always 
deployed in the background as ‘Idiot Number 2’. 
My favourite cameo was when I played a corpse 
who was having his photo taken. In the 19th 
century there was a strange fashion where ifa 
family member died, you would take a photo 
with them before they started to rot away. It 
was called a ‘memento mori’ or ‘death 
reminder’. As soon as they died, you would 
take them down to the photo studio and they 
would be propped up with a rigid iron spike in 
the back of their jacket and you would havea 
photo with them. So I had to sit completely still 
for about 45 seconds, which is really hard, and 
then I had to do a comedy tumble off the chair 
as a dead person would. It was much harder 
than it looked! 


Do you get to keep the costumes? 

I would love to. The most beautiful costumes 
are the 18th century aristocratic ones. As soon 
as you put them on you find yourself swishing 
around. It’s a very elegant way of dressing. 


WWW.HOWITWORKSDAILY.COM 







I would love to have taken those home, but I’m 
afraid they all go back to the costume hire 
company for someone else to use. 


Have there been any moments on Horrible 
Histories where you've had to downplay 
the horribleness? 

Not really no, because the kids love the gore. 
We've covered Vlad the Impaler, who impaled 
40,000 people on spikes to use them as a human 
fence, and that’s pretty much the worst thing 
you could possibly do as a human. We've done 
Mary Queen of Scots’ beheading, Roman saints 
being rolled down a hillina barrel full of spikes 
and lots of horrible amputations and diseases. 
There were so many terrible ways to die in the 
past, and children find them all fascinating. 


As a big fan of Twitter, which historical 
figures would you most like to see havea 
Twitter feud? 
I think Oscar Wilde would have been great on 
Twitter. Not just because he was so funny and 
witty, but because he often stole other people’s 
jokes and that’s quite common on Twitter. I 
imagine there would be quite a lot of arguments 
between people like the great American 
inventors Thomas Edison and George 
Westinghouse, as they squabbled a lot. 
ITreckon many of the people we think of as 
being wise figures from history, like Abraham 
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Greg’s mission is to get young people 
interested in the past — 





Lincoln and the great philosophers would 
probably just Tweet about their lunch and beas 
boring as we are! 


In your book, A Million Years nA Day, 

you look at the history of our daily routine. 
Are there any rituals from our historical 
daily routine that you think should be 
brought back? 

What was quite surprising about the past is that 
until the 14th century, timekeeping was quite 
different. An hour was about 45 minutes long in 
the winter and 75 minutes long in the summer, 
because there is more daylight in July than 
there is in December. I quite like the idea of 
having shorter hours in winter so that we can 
go to bed earlier and not work as much, and 
having more time in the summer to spend with 
our friends and have barbecues. 
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Medieval siege mining 


Ifa castle proved resistant to attack, every good commander 
knew he could literally undermine its defences 


n Medieval warfare there were many ways 

to bring a fortress crashing to its knees. 

Battering rams, trebuchets, ladders, or 
simply starving the garrison into submission 
were all perfect tools and tactics for winning a 
siege. If none of these usual methods worked, 
however, the attacking force could dig under 
the walls themselves, and destroy them from 
beneath. With a huge hole in the castle’s 
defences, the attackers could swarm inand 
overwhelm the unfortunate defenders. 


Wooden props 
As the tunnel grew longer 
and deeper, the miners 
would prop up the roof 
with wooden beams to 
prevent it collapsing. 












Collapsing the tunnel » 
Once the attackers reached 
underneath the tower or wall, 
the wooden props would be 

set on fire to collapse the 
tunnel and bring down the 
defences above. 


Countermining 





Solid defence 
Defenders would hurl boiling 
tar, water and rocks, as well 
as shoot arrows down onto 
the attacking force. 


The ‘cat’ 
A strong wooden 0 | 
structure, known as a ae fp, 
‘cat’, would shield the Gy ~~ 
miners from attack i 

while they began A ‘ 
digging under the walls. vit 




























} Underground 
‘ | battlefield 

— If an attacking anda 
defensive tunnel met, 
bloody hand-to hand 
combat would begin. 






In 1215 CE, Rochester 
(OF-Ioj i [sWor-]pal=MUlale(=)arciistels) 
by King John, who used 
aalinliare meen elalalemere\nin 
the defences 


Detection 

The defenders used 
buckets of water to detect 
mining - the surface would 
ripple from the vibrations 
of any nearby digging. 


If they could detect an enemy 
tunnel, the defenders would 
begin digging their own to 
intercept and stop the attackers. 








Military acoustic locators 


These huge listening devices could hear the enemy 
coming before they came into view 


efore the development of radar, there was 

only one reliable method for detecting 

enemy aircraft from far away: to listen 
carefully. Devices known as acoustic locators 
were developed to intercept the sound ofan 
approaching aircraft. The sound would travel 
oo) iivseke-Deuclar-lelelcvonerlo)(cr-velepbelconselcn-r-Nge)sleetcrs 
of the operator, just like a doctor’s stethoscope. 

Hundreds of different designs were developed 

during and after World War I, ranging from 
smaller portable equipment, to devices 
resembling massive trumpets. At the time, 
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aircraft were relatively slow and their engines 
Kolb Co K=yele) bred em erclmaal=ybar-}0)e)ae)euent-ln-nopnaaven (eye. vere! 
elevation could be detected from a distance. 

As enemy bombing raids increased over the 
south of England, huge ‘acoustic mirrors’ were 
built to provide early warning of approaching 
aircraft. These large concrete structures looked 
like stone satellite dishes, and were designed to 
capture the engine noise of incoming German 
zeppelins. However, with the invention of radar 
and the development of faster aircraft, these 
structures and acoustic locators became obsolete. 


Japan’s Emperor Hirohito 
inspects two Type 90 
Large Detectors, 
nicknamed ‘war tubas’ 
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? Some Paracas people elongated their skulls by binding them tn infancy 
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Though some Paracas were found 


The Paracas people predate the Incas, but even more seers ve toca eclet 

unbelievable is what they left behind so de roe: 
or ancient civilisations, giving the deada and dyedin many colours. The deceased sat 
proper burial was absolutely essential to within, usually north-facing, inasmall basket. 
ensure the deceased could pass into the In 1925, Julio Tello found more than 400 graves 

next life with safety, dignity and even a bit of like this, just south of the city of Pisco in Peru. ; aT ee ae 

style. In ancient, pre-Inca Peru, funeral Each mummified corpse was encased in so many 

arrangements took ona bizarre fashion. layers of textiles that, from the outside, they te 

The Paracas people lived from around the 8th appeared like small, conical parcels or bundles. : 

century BCE until the 3rd century CE. For at least Two Paracas burial sites were identified in Peru, 

some of this time, they buried their dead known as the Caverns and the Necropolis. The 

wrapped in layers of textiles woven from alpaca Caverns site is shaped like a wine glass, witha 

wool and cotton. Each piece was decorated with six-metre shaft leading down to the chamber 

embroidered patterns of animals and humans, where the burial bundles are gathered together. 


Trepanation 
Some Paracas skulls 
show signs of 
trepanation, where 
bone had been 


ina 


Unravelling a Paracas 
‘burial bundle’ 


How this ancient civilisation gave 
the departed a stylish send-off 















Foetal position 
Each body was found 
crouched and hunched in a | 
wicker basket at the centre 9 
of the fabric layers. fs 


ae Fe 





* The Nazca people of Peru, who lived at 
“St the same time as the Paracas, also 
Mi mummified their dead 













Many Paracas mummies 
were found wearing 

expensive dress, as well as 
jewellery, indicating a | 
person of high social status. 


Personal effects 

As well as food and riches, 
ceramic pots and cups were found 
within many burials, intricately 
decorated with depictions of 
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Ponchos, loincloths, 


In some cases, more than 60 

layers of cloth were used to 
turbans and other fine, complete the ‘burial bundle’, and 
embroidered cloth form — ee . | : ceremonial masks or totems 
the innermost layer of hs: ; ae — would be attached to the outer 


the burial wrappings. hee fae —— layer for prestigious occupants. 


© WIKI; Illustration by Art Agency/Sandra Doyle 


WWW.HOWITWORKSDAILY.COM How It Works | 081 























TELL DN - 








’Gruesome i surgery | 


_ Being asurgeon or patient in the late 
1800s was not for the a 


al he Victorian era has been romanticised ‘ 

. for its advancements in science and F 

medicine, but with that came no 
anaesthetic, poor sanitation and surgeons who 
didn’t even need a qualification to operate. The 
risk of infection or bleeding to death was so 
high that surgery was limited to amputations. If 
you broke a limb, it would have to come off. The 
surgeon would often perform the procedure in 
a packed operating theatre, full of students and 
peers. Rusty saws and knives were the norm, as 
was the blood-encrusted apron that made the 
surgeon look more like a butcher than a man of 
medicine. He would slice through flesh and 
bone in 30 seconds flat. The faster the better, to 
prevent the patient from fleeing mid-way 
through, or worse, dying from shock. 

Anaesthesia and painkillers weren't in use 
until the latter half of the 19th century, and even 
then they were very rudimentary. Alcohol was 
always an option, to get the patient drunk 
enough to numb the pain. Chloroform and ether 
were also used as early anaesthetics, but both 
were dangerously potent, and ether was also 
highly flammable - rather hazardous for use in 
theatres that were lit by naked flames. 

One of the major advances in surgery was in 
1867, when Joseph Lister pioneered aseptic 
techniques and began to sterilise wounds, 
operating theatres and instruments using 
carbolic acid. He even experimented with hand 
washing, which had previously only been 
performed afteran operation! This lowered 
infection, and Lister eventually became known 
as the ‘father of antiseptic surgery’. 





a 

Operations would be 
watched by students and 
peers. The surgeon would 
_ often ey to his crowd. 





pied » 


Building 

Operations once took place 

on wards, but the screams 
r of the patients were so 

distressing that specialist 

theatres were built. 


= — —=— —_— 
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A step-by-step guide 
to amputation 








L Ye 


Z di Patients were laid onan i :To stem the flow of ieeal, 
ae table, and warned to tourniquets were placed above the 
keep very still, often without any incision. These were made of 
anaesthetic or painkillers. The canvas straps that were tightened 
slightest movement could botch using a screw attached to brass 


the operation andresultindeath. plates on either side. 


gr 17en ti he tc 


at tie ent ae | 


The 
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Wty aol use large 
ae often with curved blades. 


through the flesh and muscles 
that were around the boneina 
circular motion. 


= 


| Table 
Patients would lie on a wooden 
table, restrained by two men called | 
dressers. Grooves in the surface 
helped to trap the blood. 





a i a 
e first incision 


OF this process was nen 
repeated on the other side of the 
limb. It was called the ‘tour de 
maitre’, or ‘turn of the master’, 
and it had to be performed very 


quickly for the patient’s sake. 


first incision would slice 
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I ights 


Many operations and 


amputations were 

performed by the dim, 
__ flickering light of 

candles and gas lamps. 


—— Apron 

= Surgeons would 
operate in frock coats, 
and wore their bloody 
aprons with pride. 


— 
os 


Blissfully unaware of 
bacteria, surgeons 
wouldn’t bother 
washing their hands 
before operating. After 
all, they would only be 
getting dirty again! 


Sawdust 
Detached limbs were 
tossed into a box of 
sawdust, which soaked 
; up the blood and gore. 








~~ Using the amputation saw, the “Ss Once the limb was free, the 


surgeon would cut completely surgeon would stitch up the main 
through the bone. The detached artery and smaller blood vessels. 
limb would then be droppedintoa When the blood eventually 
bucket of sawdust in order to stopped flowing, he would begin 
absorb the blood. to stitch up the wound. 
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Tools 

A surgeon’s tool kit 
included formidable- 
looking instruments, 
designed to make 
amputations quicker. 








{ Thestump would be dressed 
in bandages. This had to be done 
carefully, because bandages that 
were either too loose or too tight 
could cause issues with the 
healing process. 
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©) once the procedure was 
finished, the patient would be — 
taken away for recovery. Some 25 
per cent of amputees would not 
survive, as poor sanitation often 
led to deadly infections. 


© WIKI 
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y/ VY, Want answers? 
fy | | Send your questions to... 
@ How It Works magazine © @HowltWorksmag 


howitworks@imagine-publishing.co.uk 


y First developed for astronauts, " 
anti-gravity treadmills now help 


 » 
Yn rehabilitate injured patients on Earth 





MEET THE 
EXPERTS 


Who's answering your 
questions this month? 


Laura Mears 


Laura studied 
biomedical science 
at King’s College 
London and hasa 
master’s from 
Cambridge. She 
escaped the lab to pursue a career 
in science communication and also 
develops educational video games. 


ERS SSSS SESS SESS SSE SESS ERR SE SSSR BESS SR EERE RRR REE 


Alexandra Cheung 


Having earned 
degrees from the 
University of 
Nottingham and 
Imperial College 
London, Alex has 
worked at many prestigious 
institutions, including CERN, 
London’s Science Museum and the 
Institute of Physics. 














How do anti-gravity treadmills work? 











Chris Devine NASA, to allow astronauts to replicate our planet’s 
Sarah has a degree in ; ; ; Sea oe 
English and has been Ananti-gravity treadmill encloses the user’s lower gravity while exercising in space, but the design was 
awriter and editor for body in an airtight chamber, altering the air pressureto neverimplemented. Instead, it has become popular on 
eee either re-create the effects of gravity, or conversely to Earth, where the machine’s working is reversed. The 
worldin sats Wwe counteract gravity. The user is zipped into an airtight chamber is inflated to lift the runner so that they are not 
live, she enjoys writing about compartment, the upper surface ofwhichincorporates — bearing their full weight. This makes the anti-gravity 
anything from science and a snug-fitting pair of shorts. By reducing the air treadmill a useful tool for rehabilitation, allowing 
peel to history: and nature. ccs ; ; - 
atansennseuacumnsanans pressure inside the chamber, the person is pulled patients to exercise without placing strain on joints, 
downwards. The technology was first developed for while recovering from injury for instance. AC 
Shanna describes 
_ herself as somebody 
_ who knows alittle bit 
about a lot of _ Why a re 
different things. di 
differentthings. _ American soldiers 
writingabout , Called Gis? 


everything from space travel to 
how cheese is made. She finds that 
her job comes in very handy for 


Amelia Evans 
The reason behind this name is not totally 





taking partin quizzes! clear, but the most widely believed theory dates 
PREIE Waren Pa ane PLR DEP es ARE SVT Ea SEN PRE Bacicto the bocinning of hie Ot century 
when the letters ‘Gl’ were stamped on military 
Gemma is the Editor of trash cans and buckets to show they were 
All About Space. She made of galvanised iron. The theory goes that it 
holds a master’s in was then used to refer to all things related to 
astrophysics, isan the army in World War I, but the meaning of the 
elected fellow of the letters changed to ‘government issue’ or 
Royal Astronomical ‘general issue’. By the time World War II 
Society andan : occurred, soldiers were referring to themselves 
associate member site Institute of It's widely believed that , 36 sas Gls. US toy company ia reer the 
Physics. She isa STEM Ambassador GI originally stood for w#~—spopular Gl Joe doll in 1964, and the nickname 





galvanised iron 


and has been a keen observer of the has stuck ever since. SB 


night sky for more than 15 years. 
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A WORLD OF 
ORMATION 








New technologies 
have made it safe 
to use mobile 

phones on flights 


Why can’t you use your phone on airplanes? 


Andy Moffat There was never clear evidence of this, but the 

@ Many airlines now allow travellers to use phones introduction of new technologies has minimised the 

in-flight following a relaxing of regulations. Previously, risk of interference further. Picocell devices act asa mini 

there were concerns that radio signals emitted by cell tower ona plane, collecting signals from phones on 

phones could interfere with aircraft communications, board and beaming them down to a communications ROLLS-ROYCE 

flight control or other onboard electronic equipment. satellite or base station on the ground. AC ME RLU » 
What are 


toenails for? 


Luke Howard 

® Toenails may help us to balance 
when walking, but they may also 
just be an evolutionary leftover from 
when we walked on all fours. 
Fingernails and toenails are a 
primate’s version of claws, and are 
part of what set us apart from other 
mammals. Some researchers 
believe that claws flattened into 
nails as primates evolved broader 
fingertips. This likely happened 
around the same time that early 
humans started using stone tools. 
The need for fingernails seems a 
(CTeyal | Felsmerclamelalomyviaa little more obvious when you need 
their feet as well as to tear apart food or grasp 
ivatelimarelavels something, and all primates - with 
the exception of humans - can do 
this with their feet as well. SF 





Owners' Workshop Manual 
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(CTNV=m 0] oem Nat=tal 
wave something 
white to signal 
WielUlaesi0ldasarelsia 





When did the white flag become 
associated with surrender? 





Ben Appleby 4o years earlier. White fabric was probably used 
Surrendering with the white flag is at least as old because it was the easiest to obtain, and it also stood 
as China’s Han Dynasty, dating to 25 to 225 CE, butit out against the landscape and other more colourful 
probably began even earlier. Roman historian flags on the battlefield. Today using a white flag asa 
Cornelius Tacitus also wrote about them in 109 CE, symbol of ceasefire, surrender or negotiation is part 


referencing white-flag useinabattlethattookplace | ofthe Geneva Convention. SF 





Hearing words or 
smelling scents while 


Is it possible to learn a reiee Perec 
language while you’re asleep? 





Matt Drage words, one in their native language, and the other in a language 
Maybe! There is evidence to suggest that non-rapid eye that they did not know. They were then split into groups, with 
movement sleep is an important time for memory some of them being played the word pairs again as they slept 
consolidation; patterns learnt during the day are reactivated that night, and others sleeping in silence. When they woke up, 
and strengthened at night. In 2014, researchers from the group who had been replayed the words in their sleep were 
Switzerland published results of a study that tested whether much better at translating them. Unfortunately though, this 
playing words during this crucial sleep period could help to method only seems to work to consolidate memories. You 
trigger these reactivation patterns, assisting with learning. can’t press play on a language tape, fall asleep and wake up 


They took 68 healthy volunteers and taught them 120 pairs of fluent - you must do the groundwork while you’re awake. LM 
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BRAIN DUMP 






ys 


Do underwater Sea snakeshave to” MAGES Saas 
surface occasionally vhere als have bee 
snakes have gills? morderto breathe aan 
Joseph Newell | land pr edat rs i 
™ While some snakes spend time in water, sea snakes live there Id change if polar bea 
permanently. However, instead of gills, they have a single lung, and 
must surface to breathe about once an hour. Valves keep their nostrils, 
which sit on top of their snouts, closed the rest of the time. These snakes 
also absorb oxygen through their skin, and have small, flattened heads, 
and paddle-like tails to aid with swimming. Most species live in warm 
waters in the Indian and Pacific Oceans. Sea snakes have very potent 
venom and release small amounts when biting fish and other prey. SF 
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Why does your 
face turn red when 
you’re angry? 


Rob Lewis 
® Anger can trigger the fight-or-flight response 
- an in-built biological reaction that prepares 
your body to stand up to a threat, or to run 
away. The body is flooded with two chemical 
messengers: adrenaline and noradrenaline. 
They make the heart beat faster, open small 
airways in the lungs, and increase the rate and 
depth of breathing. They also trigger the release 
of sugar into the blood, and increase the 
delivery of oxygen to your muscles and brain. All 
of this can help to prepare you for confrontation, 
but it does have its side effects, and one can be 
flushing. Adrenaline can cause the blood vessels 
in the face to get wider, increasing blood flow to 
the skin. LM 


Why do — 
unconscious 


people feel 
much heavier? 


Matt Williams 

m™ Whena person's muscles are totally relaxed, 
their weight is distributed unevenly over a wider 
area. Aconscious person will usually tense their 
muscles when lifted, keeping limbs in or putting 
their arms around the neck of the person 
carrying them. This makes the carrier’s job 
easier, as the centre of mass is focused centrally. 
Anunconscious person is limp, allowing their 
arms and legs to swing around and causing their 
centre of mass to shift erratically. A fireman’s lift 
allows the carrier to grip the unconscious person 
_ betterand manage their weight distribution. AC 


















Thinking does 
burn calories, 
but it’s nowhere 
near as effective 
as exercise 


just by thinking? 


Lucy Young 
® Absolutely. In fact, thinking is an extremely energy-intensive 
process, and your brain consumes around 20 per cent of your 
calories every day. Unfortunately, however, thinking extra hard 
doesn't really burn more calories than usual. Some studies have 
shown that thinking hard actually causes a dip in your 
blood-sugar level as your brain takes in more energy, but it’s 
Welllal efeve NACH i erere ate nothing compared to the amount of energy that your muscles 
WMiisabeteltciateliiats use when you move. The brain consumes around ten calories 
when you are angry per hour, whereas an activity such as running can drain more 
than 300. LM 
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Gooseberry jam is 
ixcte me [U(-m Kolr-mexe) (0) 0] a 
pigment known 
as anthocyanin 


, Us 








‘ Why ts gooseberry jam 
‘red when gooseherries 
‘are green: 





Where did the idea of 
honeymoons come from? 





Amy Lippiatt 

Adrian Robinson Today a honeymoon isa holiday during which a married couple spends 

The gooseberry is a round, edible berry with athin, translucent, §% post-wedding time together. The origin ofthe phrase may be more sceptical 
hairy skin. Although green in colour, gooseberry jam is a shade of than sweet though. Writers in England in the mid-1500s used ‘honeymoon’ to 
orange or red due to a pigment in the berry called anthocyanin. warn newlyweds that the happy period immediately following marriage 
This pigment is present in many fruits, and can give them reddish, might not last longer than the waning Moon. The idea of going ona holiday 
yellow or green colours, depending on the pH, or acidity, of the fruit. after marriage began in the 1800s. Originally limited to upper-class couples, 
When you cook a gooseberry jam mixture, the anthocyanins are they mostly travelled to visit family members who couldn't make the 
heated and come into contact with plant sugars such as pectin, as wedding. The rise of mass tourism meant that more couples went on 
well as metal ions from cooking instruments. This process is honeymoons - and travelled alone. Some historians believe that the term 
thought to change the acidity and slightly alter the structure of the refers to a couple traditionally drinking mead, a liquor made from honey, 
anthocyanins, and the jam changes colour asa result. SB during the first month of marriage, but not everyone buys into this origin. SF 


(CT c\Van ate] axerel a) 


saeeee §€6\WVhy does wet paper 


ion Stick together? 


Stephen Oswald 

A property called cohesion makes water molecules 
stick to each other, which in turn holds wet sheets of 
paper together. Cohesion stems from the fact that 
water molecules are polar, with one end carrying a 
partial negative charge, while the other has a partial 
positive charge. This means that water molecules 
form hydrogen bonds with their neighbours. When 
you wet a sheet of paper, water molecules are 





Ce eee P 
Lig ga RS. t 
ie Ae | 





us eee : FA ; | absorbed among the cellulose fibres of the paper. The , 
' aaa a = water molecules also cling to each other, acting as a —_ ion bet 
sn O50) aT=1-) 0) ns 8 = 
Why are grey hairs thicker weak ‘glue’ holding the two pieces of paper together. F cleculedainlise 
7 “cD The same effect can be observed with wet hair or hair or sand tostie 
than non grey hairs? even wet sand. AC i 





Suzy Hall 

Interestingly, grey hairs aren’t actually thicker than 
non-grey hairs. In fact, hair tends to get thinner and finer —_— : | —— a 
as we age. Grey hairs just appear thicker because they ee ergest Engien 
are more fragile and prone to drying out. As we get older, ord is a4 5c1ecren 
individual strands of hair begin to lose their pigment. At medical-terr 
the same time, the scalp starts to produce less of the oily 
fluid sebum. Without this natural moisturiser, the strands 
easily become dry, and the cuticle that covers the 
outside of each hair can become rough. This roughness 
can make the hairs feel thicker, cause kinks to form, and 
reduce shine. LM 
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ASK THE 





Gemma Lavender 
Gemma is the Editor of 
All About Space. 


Alien life, which could 
exist on Earth-like 

VVZo)a (eMelUhacte(oMelUls 
Solar System, may be 
’ difficult to classify 


If we found alien 
life, how would we 
classify it? 


Anon via email 

The temptation might be to classify alien life 
in the same categories that we do on Earth 
- plant, animal, reptile, mammal, avian and so 
on - but alien life could surprise us by being 
completely beyond our expectations! It is 
difficult to say exactly what alien life will be like 
because it will not necessarily have evolved in 
the same way as life has on Earth. However, 
there are several broad categories that alien 
life might fit into. The simplest categories are 
microbial life and more complex life-forms, and 
they may have varying degrees of intelligence. 
Beyond that, astrobiologists tend to look for 
planets that may have an oxygen-rich 
atmosphere, but alien life could have different 
chemistries, and breathe in and out different 
gases instead. For instance, if there were life 
on Saturn’s moon Titan, it would be methane- 
based. Plus, there’s always the possibility that 
alien life might be so alien that we don’t even 
recognise it as being alive! 


Get in touch 
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se” | Heat shields protect 
spacecraft when entering a 
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ASTROPHYSICIST “= ii 


Why do spacecraft only Join All About Sp ace every 
need a heat shield for sie acre USL ASAP 
re-entry, not launch? 


Caroline Robertson 

The heat experienced by spacecraft as they enter an 
atmosphere is caused by friction against atmospheric 
molecules, exacerbated by speed. During atmospheric 
entry, it plunges into thicker atmosphere, so friction and 
heat increase, reaching over 1,600 degrees Celsius, until 
it slows down. When a spacecraft launches, it works 
against gravity. Once it has built up speed, it’s already 
above the thickest part of the atmosphere, so there is 
less friction and heat. Also, when a spacecraft launches 
ona rocket, it’s often housed in a protective shroud that 
splits in two to release the spacecraft once in space. 





- It is thought that the 
‘ Ul alWVAclastom ome lavelclaete) late) 
male\Viclen=valeliale| 

cycle of.expansion 
Valo moxolalng-leord (ela) 


ever happen again 


Zac Lovat 
M@ This is difficult to answer becauSe_ 
nobody is entirely sure why the Big » 
Bang happened in the first place. , p 
However, one hypothesis is that the 
universe undergoes a never-ending 
(oavZo1 (=e) mE =).4 oY-]alcile)a-lale mere) aiua-(e.d(e)a ma lame 
this scenario, every time the universe 
contracts back down to a point, there 
is a new Big Bang-as the universe’ 
id=) oXol 0) avekom-]ale mci m-) a aoer->.4ey-alelialem-ler-]lae 
However, current astronomical data 
shows us that dark energy is “ 
Yererei(-1¢-1 0) elem Walom=d.40y-lalciie)e| ofthe ‘ 
universe and that it will continue to, 
expand forever. There is an alternative 
theory, though, known as eternal 
inflation, that suggests new universes 
(ofo] Ui Te oxo) at-1m-Tavan'an oX-melecelel lave mela migolanl 
our own, and each one starts.with its 
own Big Bang. 


Could the Big ati a 


i 





Astronauts flush their waste out into 
space, where it orbits Earth for a while 


What happens to waste from the 
Space Station? 


Robbie Jones 

The next time you see a shooting star, it could be human excrement. 
Astronauts on the International Space Station flush their poo out into space, 
where it orbits Earth before burning up in the atmosphere as a shooting star. 
NASA astronaut Scott Kelly produced 80 kilograms worth of smelly shooting 
stars during his recent year-long stay on the Space Station! Regular rubbish is 
brought back down to Earth on board supply vessels that stop at the ISS. 





© Thinkstock; Dreamstime; NASA 
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BOOK REVIEWS 


The latest releases for Curious minds 





A Million 
Years In 
A Day 


Delve into the curious 
history of everyday life 


® Author: Greg Jenner 

® Publisher: Orion Publishing 
@ Price: £8.99 / $26.99 

® Release date: Out now 








ost of us go about our daily rituals with 
little thought as to why we do them, 
from brushing our teeth to selecting 
an outfit to wear. Not any more. Read this 
brilliantly written book and no longer will you 
take such practices for granted. Greg Jenner not 
only forces us to stop and think about why our 
lives are so structured, from the moment we are 
woken up by an alarm to the time we set said 
alarm later that night, but also provides a 
unique insight into how these habits have 
evolved over time. 

Each chapter examines a different part ofa 
typical day, taking a single task and exploring a 
range of formalities associated with it. For 
example, when looking at how humans have 
answered the morning call of nature over the 
years, Jenner addresses location, hygiene, 
cleaning materials and a whole host of other 
candid details. 

In doing so he takes us ona journey that 
spans centuries, through countries and 
cultures, examining different rituals between 
rich and poor, men and women. On the one 
hand, you'll gasp at how shocking some of our 
everyday customs used to be, but on the other, 
you will discover that we are really not all that 
different to our Stone Age ancestors after all. 

Jenner unearths some of the most intimate 
customs in rather graphic detail, leaving little 
to the imagination. It’s like an adult version of 
CBBC’s Horrible Histories — for which Jenner is 
the historical consultant -— but here lie some of 
the most fascinating facts that we may never 
have even considered! 

Like the typical routine Jenner writes about, 
the structure of A Million Years In A Day is just 
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that - structured, and somewhat predictable as 
you begin each new chapter. However, Jenner’s 
dry sense of humour and quirky imagery 
prevent it from becoming stale. 

It’s no mean feat to make a book about the 
seemingly mundane habits of human beings 


engaging, fascinating and amusing, and Jenner 
has well and truly delivered. Also available on 
audiobook, narrated by the author himself, this 
would make a great accompaniment for long 
car journeys. 


KKKKK 


YOU MAY ALSO LIKE... 


History Without The 
Boring Bits 

ANUidate)em t-liM@laelanela 
Publisher: Quercus 

Price: £9.99 / $16.99 

Release date: Out now 


PAVamelarexeyanvi=lalale) ate] mevalae)are) (ele hVae) i 
ViV(o) a (eM al icine) @VAm dnl icm olele) qe Ui as) 

inate) at-]qe1 a\owr-] even exe) [id (orm Ko me)a\-B-)(0(-F 
exploring some of the world’s 
most bizarre facts and legends in 
FM acliasssialiavelhacialcclar-lialiale Mw c-hVA 


: A Short History Of 
: Nearly Everything 
: Author: Bill Bryson 

: Publisher: Black Swan 

: Price: £9.99 / $16.99 

: Release date: Out now 


: Dealing with a different topic per 
: chapter, Bryson’s approach to 

iV) a(e Ml alls} ke) aval om el-)gal-] o-manlelae) 

: traditional in terms of the 

: subjects it covers, but is 

: accessible and beautifully written. 





: Sapiens: A Brief 

: History Of Humankind 
: Author: Yuval Noah Harari 

: Publisher: Vintage 

: Price: £9.99 / $29.99 

: Release date: Out now 


aw ONWAe ICeMuat-W alelnat-lamaclercm el-Yecoanl= 

: what it is today? Harari offers a 

mm lal(e[U(-m-> 40) F-larve(elamsalelmaatlavawall 
: find controversial. Read with an 

exe) oY =\aWanliaveir-late cel Maalie]aim (ele) .@rels 

life in a whole new way. 
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Bletchley Park’s 
Secret Room 


An inside look at WWII's 
code-cracking HQ 


Author: Joss Pearson 
Publisher: Amberley 
Price: £7.99 / $13.00 
Release date: Out now 


While the author of 
this book is listed as 
Joss Pearson, a large 
portion ofitis an ; 
original account 

taken from Major 

Neil Webster, a key 
member of the team 
based in Bletchley 
Park’s Fusion Room. The first-hand 
report is incredibly insightful - Major 
Webster explains the workings of the 
Fusion Room, where codes were cracked 
and intercepted messages were 
decoded - and it gives readers a sense of 
his life during the war. The latter 
portion of the book is made up of 
background information, giving details 
about Major Webster himself and others 
at Bletchley Park. These are wortha 
look, although not quite as engaging as 
the first-hand account of the work being 
done. Still, it nicely rounds offa 
genuinely engaging collection. 


Sharks Get 
Cancer, Mole 


| 
Rats Don’t 
Bringing hope to a 
tough topic 
Author: James S Welsh 
Publisher: Prometheus Books 


Price: £14.99 / $19.00 
Release date: Out now 


We rarely hear about researchers looking 
at other species when it comes to fighting 
cancer, but by the end of chapter one you'll 
realise that the animal kingdom hasa lot to 
teach us on the subject ofimmunology. The 
book regularly trots across the globe, from 
the Tasmanian marsupials that are dying 
out due to a form of contagious cancer, to 
an astonishing lab-mouse that is immune 
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Soccermatics 
Analysing footie is more 
complex than it sounds 


Author: David Sumpter 
Publisher: Bloomsbury 
Price: £16.99 / $27.00 
Release date: Out now 


As Sumpter expresses in the 
introduction to Soccermatics, he quite 
clearly understands that the world of 
maths can never match that of football 
for excitement and passion, otherwise 
“we would be ready to pay £40 a month 
for a subscription to Sky Mathematics.” 
But it’s also clear that the author loves 
both; as he talks about how maths isin 
every part of the beautiful game, he 
drops references to famous seasons, 
players and teams. For football fans 
there is plenty to enjoy here, like the 
analysis of team formations or betting 
techniques. If you don’t care about 
either subject, this isn’t for you, but an 
interest in either will make this a very 
entertaining read. 





to the disease for reasons completely 
unknown. The writing style takes some 
getting used to, as it switches oddly 
between informal and scientific language, 
but there are some staggering insights that 
will give you hope that maybe a cure for 
cancer isn’t all that far away. 
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LEDGE MAGAZINE FOR LESS WHEN YOU SUBSCRIBE! 


Every issue 
packed with... 


® Fascinating facts and mind-blowing science and tech 
Incredible photos and illustrations 
Insightful features and reviews of the latest gadgets 


® Your questions answered 


Why you should 
subscribe... F 


Save up to 36% off the single issue price 





Immediate delivery to your device 
® Never miss an issue 


Available across a wide range 
of digital devices 


|DYoyiianloxCemcomtebimercais(@onslenyy 





Get in touch 


Want to see your ideas on this page? Send them to... 
) How It Works magazine © @HowltWorksmag 


© howitworks@imagine-publishing.co.uk 


HOW TO... 


Skills for surviving the modern world 








Make a bouncy ball 


Harness the power of polymers with this fun project 


Prepare your ingredients 

To make one bouncy ball you'll 
need half a teaspoon of borax 
powder, two tablespoons of warm 
water, one tablespoon of PVA glue 
(white or clear) and one tablespoon 
of cornflour. You can also add some 
food colouring and glitter to your 
ball if you like. It’s a good idea to 
prepare more of each ingredient 
than you need, so you can make 
more than just one ball! 



























Stir the glue in 

In aseparate bowl, measure 
out a tablespoon of glue. It will be 
quite thick, so make sure you get it 
all into the bowl. You can now add 
a few pinches of glitter to the glue 
if you want to add some sparkle to 
your ball. You don’t need to mix 
the whole thing up at this stage, 
but you can give it a little stirso the 
glitter is evenly incorporated. 


U’RE UNDER 
MAKE SURE 
OEE WITH 
ADEYOU 
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Roll and bounce! 

The cornflour will help to 
stiffen and dry out the mixture, 
and as you stir and the borax 
activates the polymers, a blob of 
goo will start to form. As it stiffens 
even more, you can pick it up and 
start rolling it with your hands. 
Keep rolling it between your 
palms until a ball is formed - 
then leave it to one side to dry for 
afew minutes. When it’s dry, 
bounce away! 


Disclaimer: Neither Imagine Publishing nor its employees 
can accept liability for any adverse effects experienced after 
carrying out these projects. Always take care when handling 
potentially hazardous equipment or when working with 
electronics and follow the manufacturer’s instructions. 


Mix the borax 

First, place half a teaspoon of 
borax into a small bowl, then add 
the two tablespoons of water to the 
mixture. Stir them together until 
the borax is totally dissolved. If 
you want to give your bouncy ball 
a splash of colour, add around five 
drops of food colouring to the 
mixture at this point, and stir 
again so that everything is mixed 
in nicely. 


Combine the two 

To the glue, add halfa 
teaspoon of the borax solution you 
just made and a tablespoon of 
cornflour. Wait 15 seconds, and 
then mix it all together witha 
spoon. The borax activates the 
polymers (molecules made of 
repeating units) in the glue, and 
they start linking to each other to 
form a plastic. 


In summary... 

PVA glue stands for polyvinyl 
acetate —-a polymer that reacts with 
the chemicals in the borax. This 
causes the polymer molecules to 
cross-link with each other, and 
eventually form a bouncy plastic. 
Experiment with the ingredient 
ratios for different results! 
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How to crush a can with science 


Use air pressure to make recycling more efficient 


> ae 






Illustrations by Edward Crooks 











Heat it up Prepare the water 

Pour a couple of centimetres of water into an Filla large bowl with cold water that is | | = 
empty drinks canand place itonahotplate.Ask close to freezing. Use ice cubes to cool the water, Bal & —= 
an adult to help you heat it up until the water or put it in the freezer for an hour to make sure Flip it up 
starts to boil. When the water boils, the airinside _ it’sascoldas possible. The colder the water, the When the water inside the can has been 
the can is forced out through the hole in the top more effective the crushing process will be as boiling for a minute or so, and the water in the 
as water vapour starts toforminside. Thislowers _ it will make the water vapour inside the can bowl is very cold, use some tongs to carefully 
the air pressure inside the can, which is really condense more quickly. This will crush it more take hold of the can, flip it upside down and 
important for crushing it later. effectively, which is exactly what we want. quickly place the top of it into the cold water. 


The cold air will almost instantaneously cause 
In summary... the water vapour to condense back into liquid, 
Air constantly pushes against all objects, a force known as air pressure. However,adrinkscanisn’t andtheair pressure inside the can to drop 
usually crushed because the air or liquid inside it pushes back with an equal force. In other words, dramatically. The higher air pressure outside 
the air pressure is normally cancelled out. This experiment causes a pressure drop inside the can, the can will push the aluminium sides inwards 
which upsets the balance and allows the outside pressure to crush the can. and crush it. 


Vital signs 
The paired app lets you 
track your health : 
Compatibility instantly and easily. | 
The Kito+ works as | | | 
a standalone device | 
or as part of an 
iPhone case. | } | 


A health tracker phone case worth £99! 
The Kito+ health tracker can measure your heart rate, skin 
temperature, blood oxygen levels, respiration rate and more. Simply 
hold your fingertips to the device, and in a few seconds your vital 
signs will appear in an app on your phone. 


What was the first nuclear-powered 
submarine called? 


a) USS Nautilus b) USS Holland 
Oo | c) USS Triton 


Enter online at www.howitworksdaily.com and one lucky reader will win! 
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© Thinkstock; NASA; Dreamstime 


Get in touch 


Want to see your letters on this page? Send them to... 
Cf) How It Works magazine © @HowltWorksmag 


howitworks@imagine-publishing.co.uk 


Flipped reflections 


Dear HIW, 
I've been a keen reader of your magazine 
for years, and find the topics both great 
conversation starters and excellent further 
reading for what | study at school. | was 
wondering - why is it that our reflections 
in spoons are upside down when looking at 
the concave side, but the right way up 
when looking at the other side? 
Natasha Fisher-Pearson (aged 17) 


When you look at your reflection in a 
flat mirror, what you’re seeing are 
particles of light called photons 
being reflected directly off the 
surface and bouncing back to your 
eyes. Your brain then interprets this 
information as an image, which 


What’s fis on... 
Twitter? 


Make sure you follow us 
@HowltWorksmag for 

rel ante Viale Wiel oiecem ex) ga) eo1iiu(e)ars) 
and the latest in science & tech! 


ed @wordsrmagic2me 

There’s an article that mentions 
where | live - the #Okanagan - in this 
month’s issue of @HowltWorksmag. 
Cool! 

. ule relsiun=)|[sisrelaere) 

One very happy boy in Eagles class 
after having his letter published in 
@HowltWorksmag #greatquestion 


= @BSI_ press 

Great piece in @HowltWorksmag 
ualismante)alenMuviamelel m=) (s\eida(er-) muss-1ulare| 
expert Greg Childs 


"¥ @PiaMaria79 

@HowltWorksmag Boys love the 
laay-\epr-lalemelojmmuom-\elanlimn me [elitom=)al(oyvale 
too #never2oldtolearn 

F @Sara99HG 

@HowltWorksmag Just subscribed 
Kom {ol0lar-lnnt-4lale Mant-lel-y4laiim Moye) dale) 
ike)at'7-]em Kom azy-(ellalemie. 
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looks exactly like you. However, if 
you’re looking at the concave 
reflective surface of a spoon, the 
image will appear to flip. This is 
because the curved surface reflects 
the light at an angle, so the photons 
that hit the top of the spoon deflect 


downwards and the ones that hit the 


bottom deflect upwards. Those 
deflected paths cross at a focal 
point to form an upside-down, and 
back-to-front, image. When you turn 
the spoon over and look at the 
convex side, your image will appear 
the right way up, but stretched. This 
is because the photons are still 
being deflected at an angle, but in 
the opposite direction. 


Sweet cures 

Dear HIW, 
Is there evidence that eating locally 
produced honey can in any way help with 


the symptoms of hay fever? 
Alex (aged 11) 


Some people claim that eating fresh 
honey can cure hay fever because it 
contains pollen, which is what causes 
the sufferer’s symptoms. The theory 
suggests that this would trick the 
body into triggering an immune 
response, so it produces antibodies 
that can fight off any invading pollen 
in the future. But, a study conducted 
by scientists at the University of 
Connecticut in 2002 found that 


LEDs require hardly any 
energy to produce light and 
can last for along time 





LED illumination 


Dear HIW, 
Every time | look into a small LED there is 
nothing that looks like it would produce 
light. What exactly is producing the light? 
Jeremy 


LEDs contain semiconductors, such 
as Silicon, that produce light through 
the movement of electrons. Silicon 
can be altered to form positive-type 


sufferers reacted no differently after 
they had eaten honey - including a 
locally produced variety - when 
compared to those who hadn't. 








It’s a myth that eating local honey 


can cure hay fever 





(p-type) or negative-type (n-type). 
P-type silicon has some electrons 
removed from it, to create ‘holes’, 
while n-type has extra electrons. The 
two types are placed next to each 
other in a circuit, which also contains 
a battery. When an electric current 
passes through the two types, the 
holes and electrons move. When an 
electron comes into contact with a 
hole, it must lose energy to combine, 
and this energy is released as light. 





ORES Jeune 


Your reflection flips when 
the mirrored surface is 
lb AVsem lal elaels 


Squeaky voice 
Dear HIW, 

I've been wondering, what is it about 

helium that makes your voice sound 


higher? And why don’t other gases do it? 
Abigail Aust (aged 15) 


When you speak, air travels up from 
your lungs and passes through your 
vocal cords, causing them to vibrate 
and create sound waves. This 
vibration causes the rest of the air in 
your vocal tract to vibrate, which 
influences the tone. When you fill 
your vocal tract with helium, sound 
waves can travel through it much 
faster, because helium is lighter than 
air. This amplifies higher frequency 
sounds, making your voice squeaky. 
The opposite would happen if you 
inhaled denser gases, such as xenon, 
as it would slow the speed of sound to 
make your voice deeper. 





voice, but it does change the tone quality 
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How to Play Chess: 
Lessons from an 
International Master 
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Jeremy Silman 
International Master 


Learn to Think like the 
Greatest Chess Masters 


Chess is a sport, a science, an art. For more than a thousand years, 
people around the world have enjoyed this game of skill, tactics, and 
intellectual prowess. Due to the strategic nature of chess, you can learn 
skills that will better equip you to win every game—and this course 
provides guidance from an International Master to do just that. 


Learn strategies, break down famous game-play, and understand 
how to read, speak, think, and play chess — all through the lessons of 
International Master Jeremy Silman. Considered the foremost author 
of chess instruction books, Professor Silman presents chess strategy 
in a way that is accessible to beginners, while offering invaluable 
information and insight to long-time players as well. Discover the 
romance and joy of the game—and get tips that will help you plan 
stategies, enabling you to go into any chess match with confidence. 


THEGREATCOURSES.CO.UK/6HIW 
O800 298 9796 


How to Play Chess: 


Lessons from an 


SiledestleleerlalVeKiuas 


Taught by Jeremy Silman 
INTERNATIONAL MASTER 


LECTURE TITLES 
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Secrets of the Pawns and Knights 

Castling, Checkmate, Chess Engines, Draws 
Must-Know Tactical Patterns in Chess 

(4 aT =3-5-9 OCo) gal e)latsiicelarcws) alem Alale som la metal=vor¢ 
Checkmate! Back-Rank, Smothered, and More 
Checkmate against a Castled King 
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A Cascade of Short, Brutal Chess Games! 
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Positional Weaknesses and Targets in Chess 
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Chess Statics vs. Dynamics: An Eternal Battle 
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Using Chessboard Imbalances to Create Plans 
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Legendary Teachers Who Transformed Chess 
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Kings and Pawns in Next-Level Endgames 
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How to Play Chess: 
Mas3-Xo) alow ice) aa sl ami aiccyaarsielearsl mii toksikove 
Course no. 9411 | 24 lectures (30 minutes/lecture) 


DVD £5499 NOW £24.99 


+£2.99 Postage and Packing 
Priority Code: 124574 


For over 25 years, The Great Courses has brought the 
Vo} a(e homo) n=¥a ales] mie) 0 (ers) ce) esmcom paliii(e)arsmuualem ss] al mcemele) 
deeper into the subjects that matter most. No exams. No 
homework. Just a world of knowledge available anytime, 
anywhere. Download or stream to your laptop or PC, or 
use our free mobile apps for iPad, iPhone, or Android. Over 
550 courses available at www. heGreatCourses.co.uk. 


The Great Courses®, 2" Floor, Mander House, Mander Centre 
Wolverhampton, WV13NH. Terms and conditions apply. 
See www.TheGreatCourses.co.uk for details. 
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